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Spectator  #159 

Addison’s  ‘‘Visions  of  Mirzah” 

.  my  Heart  was  filled  with  a  deep  Melan¬ 
choly  to  see  several  dropping  unexpectedly  in  the 
midst  of  Mirth  and  Jollity,  and  catching  at  every¬ 
thing  that  stood  by  them  to  save  themselves.  Some 
were  looking  up  toward  the  Heavens  in  a  thoughtful 
Posture  and  in  the  midst  of  a  Speculation  stumbled 
and  fell  out  of  sight.  Multitudes  were  very  busy  in 
the  pursuit  of  Bubbles  that  glittered  in  their  Eyes 
and  danced  before  them;  but  after  when  they 
thought  themselves  within  the  reach  of  them,  their 
Footing  failed  and  down  they  sunk.” 


FOREWORD 


The  ‘^Span  of  Life’’  is  a  new  study  in  optimism.  I  am 
writing  it  in  a  mood  of  quiet  hope.  Nothing  more  dra¬ 
matic  is  possible  to  me  when  dealing  with  the  problem  of 
tampering  with  the  span  of  human  life.  My  associates  in 
the  life  philosophic  and  scientific  have  often  chided  me 
concerning  a  pessimism  with  regard  to  the  revealed  cer¬ 
tainties  of  the  mystic  and  the  like.  My  answer  to  them 
has  been:  I  am  not  a  pessimist,  rather  am  I  a  cautious 
oftimist.  And  so  I  would  answer  possible  critics  of  the 
spirit  of  my  present  work. 

A  cautious  optimism  has  the  advantage  over  sheer  op¬ 
timism  in  its  discriminating  advance.  It  need  not  be  less 
bold  in  speculation,  indeed  it  can  risk  more  because  it  is 
ready  to  leap  back  to  safety  or  to  change  its  tactics  with 
every  genuine  new  progress  in  knowledge.  Skepticism  is 
a  fit  companion  to  that  expansion' of  belief  we  call  specu¬ 
lation.  They  supplement  one  another  gracefully.  No  be¬ 
lief  is  eternal  and  no  fact  is  forever  fixed.  Old  facts  are 
transformed  by  a  new  insight,  old  insights  succumb  to 
new  facts.  Yet  in  each  revolution  there  is  a  gain.  One 
who  perceives  this  gain  and  sees  the  never-ending  possi¬ 
bilities  of  progress  in  the  welter  of  change  must  set  him¬ 
self  down  as  an  optimist,  albeit  a  cautious  one. 
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AN  INTRODUCTION 


The  concern  with  the  ^^span  of  life”  is  ancient  and  fun¬ 
damental.  The  hopes  of  humanity  have  been  poured  into 
the  discussion  of  this  enigmatic  problem.  Since  the  prob¬ 
lem  is  the  most  baffling  of  all  possible  problems,  much 
that  has  been  said  about  it  sounds  like  the  saddest  sort  of 
nonsense — and  so  may  this — but  the  problem  drives  us 
relentlessly.  Should  we  not  take  stock?  Perhaps  there 
have  been  granules  of  sense  and  wisdom  here  and  there 
worth  preserving  and  worth  building  on  further?  We 
examine  the  old  speculations  as  a  chemist  would  survey 
alchemy,  or  a  medical  doctor  would  survey  the  Mosaic 
sanitary  code,  for  hints.  The  hints  are  meagre,  but  they 
can  take  on  new  flesh  from  the  findings  of  the  great  mod¬ 
ern  Renaissance  of  science.  Modern  science  has  a  strange 
power,  moreover,  of  making  possibilities  and  actualities 
of  the  ^impossibilities”  of  common  sense  and  of  its  own 
youth.  What  can  it  do,  then,  about  the  life  span  and  its 
possibilities? 

First  let  us  have  facts — well  established  onesj  then 
facts — less  definite.  Then  let  us  see  that  the  facts  without 
interpretation  are  almost  nothing  at  all,  and  with  inter¬ 
pretation  are  the  most  dangerous  of  weapons  for  the  per¬ 
version  of  “truth.”  Who  can  say  now  that  he  knows  what 

life  is,  or  even  what  the  “phenomena  of  life”  are?  We 
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are  confronted  with  numerous  descriptions  and  ex¬ 
planations  of  the  processes  and  functions  of  life,  differ¬ 
ing  among  themselves  in  an  amazing  way.  They  cannot 
all  be  right  nor  all  wrong.  They  should  be  organized 
into  a  ^^united  front”  of  research.  We  review  one  by  one 
the  different  theories  of  aging — senescence,  if  you  will, 
— so  that  we  can  appraise  the  theories  (and  practice)  of 
youthifying, — rejuvenescence,  if  you  will.  Some  would 
be  content  to  perfect  the  life  span  as  it  is,  some  to  stretch 
the  better  portions  of  it,  some  would  make  a  drive  for  a 
reversal,  a  return  to  youth. 

The  scientific  story  is  a  long  story  not  to  be  cut  too 
short.  We  must  pay  attention  to  physics  and  chemistry, 
to  biology,  and  even  to  psychology. 

Finally,  we  must  profess  some  faith,  the  hope  that 
^ffime  and  tide  will  wait,”  formulate  some  “projects  in 
optimism,”  and  end  with  a  wistful  glance  through  the 
veils  of  possibility.  What  if  we  risk  an  aching  heart?  Such 
a  one  is  full  of  a  richness  knov/n  only  to  those  who  dare 
to  face  the  endless. 


I 

Itcthuselahs  2111 


I  gaze  and  suffer,  and  find  it  is  good  to  suffer  and  gaze 

Milton,  First  Elegy 


I 

LIFE  AT  ITS  OLDEST 


Fact  and  fancy  concerning  long  lives  carries  a  fascina¬ 
tion  to  almost  everyone.  There  is  scarcely  a  child  of  ten 
who  has  not  pondered  the  possibility  of  outliving  not 
only  his  parents  but  also  all  his  contemporaries.  There 
is  nearly  always  a  delighted  astonishment  at  the  revela¬ 
tion  of  the  great  age  of  Methuselah,  which  comes  to 
many  even  before  this  time.  It  comes  often  while  belief 
in  Biblical  truth  is  still  very  strong  and  metaphorical 
explanation  is  still  unborn  in  the  mind  of  the  young 
reader.  The  child  has  already  recognized  some  of  the 
bitterness  of  the  generalization  that  all  men  are  mortal. 
How  welcome,  then,  the  assurance  that  several  hundred 
years  of  respite  can  be  bought  off  by  being  like  Methuse¬ 
lah!  This  first  consolation  is  unforgettable.  It  impels 
us  all  to  swallow  greedily  many  future  examples  of 
longevity.  It  impels  some  of  us  to  seek  even  more  spec¬ 
tacular  and  less  relative  immortalities  in  religion.  It 
impels  a  few  of  us  who  possess  wit  for  science  and  for 
art,  like  Elie  Metchnikoff  and  George  Bernard  Shaw, 
to  seek  for  ways  and  means  to  emulate  the  Saint  of 
Longevity.  We  feel  that  the  fascination  is  not  merely 

idle.  Back  of  it  lies  a  great  need  and  a  great  hope. 
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A  survey  of  examples  of  extreme  age  gives  some 
courage  to  the  hope  and  helps  set  a  standard  to  the  need. 

It  is  to  the  credit  of  macrozamia  trees,  found  in  the 
Tambourine  mountains  reserve  near  Queensland,  Aus¬ 
tralia,  to  be  probably  the  oldest  inhabitants  of  the  earth. 
They  are  estimated  to  be  more  than  12,000  years  old. 
Dr.  A.  O.  Herbert  of  the  University  of  Queensland  sets 
for  one  of  them,  Great-Grandfather  Peter,  an  age  of 
approximately  1 5,000  years.  It  was  cut  down  by  vandals 
a  few  months  ago,  maintained  life  for  three  months  in 
that  condition  when  found,  and  according  to  reports  has 
started  a  new  life  on  replanting  with  a  protection  of 
malachite  green  on  the  cut  end.  It  is  now  in  three  sec¬ 
tions  assembled  in  place  by  some  200  workers.  So  slow 
living  is  this  giant  that  ten  or  twelve  years  should  elapse 
before  its  complete  death  even  if  it  were  not  to  grow 
again.  It  has  a  large  store-house  of  sago-starch  to  keep 
it  metabolizing.* 

This  giant  ^^creature” — if  we  may  call  it  that — has 
had  a  more  or  less  continuous  existence  in  full  or  nearly 
full  blossom. 

Other  trees  have  set  some  very  startling  records, 
too.  Ordinary  oaks,  if  the  number  of  rings  is  a  reliable 


*  That  even  such  old  members  of  the  family  of  Nature  may  be  very 
useful  is  a  fact.  Smaller  macrozamia  palms,  better  known  as  “burrawang's,” 
are  found  along  the  coast  of  Australia  from  Victoria  to  Queensland. 
Power  alcohol,  dye  and  a  fiber  from  which  a  paper-pulp  is  made,  suitable 
for  belting  or  packing,  is  produced  from  the  trunks  of  these  trees.  From 
the  upper  part  of  the  trunks  a  fine  brownish  wool  for  upholstery  work  is 
obtained. 

The  seeds,  a  bright  red  in  color,  contain  starch  and  pollard  and  were 
used  at  one  time  by  the  black  inhabitants  of  the  district  for  a  kind  of  flour. 
They  baked  the  seeds,  then  soaked  them  in  water  for  several  days  after 
which  they  ground  them  up. 


%L1FE  AT  ITS  OLDEST 


19 


count  of  age,  may  live  fifteen  hundred  years.  Yew  trees 
have  been  appraised  to  be  about  three  thousand  two 
hundred  years  old.  A  dragon  tree  of  the  Canary  Islands 
of  a  forty-five  foot  diameter  lived  on  for  fifty  years 
after  it  had  been  one-third  destroyed.  Adonson  estimated 
a  tree,  thirty  feet  in  diameter,  which  grew  on  the  Cape 
Verde  Islands,  to  have  been  five  thousand  one  hundred 
and  fifty  years  old.  The  cypresses  of  Mexico  have  been 
appraised  at  about  this  age.  With  us  the  California  red¬ 
woods  are  a  by-word  for  longevity,  ranging  up  to  five 
thousand  years.  Hence  we  can  be  rather  credulous  about 
the  achievements  of  the  woody  Australians,  but  we  need 
not  be  credulous  about  certain  deductions  made  even  by 
men  of  good  standing  concerning  the  interpretation  of 
the  phenomenon.  One  makes  an  effort  to  prove  the  as¬ 
sociation  of  long  life  with  California  or  its  climate  j  an¬ 
other,  in  the  fashion  of  the  mediaevalist  Cardan,* 
explains  the  secret  of  trees  living  longer  than  animals  by 
the  fact  that  they  take  no  exercise.  There  is  apparently 
less  transpiration.  Thereupon  great  men,  like  Bacon  and 
Maupertuis,  extrapolate  still  further  and  advise  men  to 
use  unctions  and  smear  themselves  with  pitch  to  cut  down 
the  transpiration.  And  thus  by  stages  we  arrive  at  non¬ 
sense  and  sometimes  dangerous  nonsense. 

One  must  step  carefully  in  making  such  extensions. 
There  is  no  law  of  nature  known  yet,  that  can  tell  you 
to  go  where  trees  live  long  in  order  to  live  longer. 
Investigations  of  the  connection  of  climate  and  human 
longevity,  of  course,  should  be  made.  If  someone  notes 
that  Wordsworth  lived  in  Lakeland,  a  land  of  hills  and 

*  Cardan.  Plantae  cur  animallbus  diuturniores:  De  Subtilitate,  p.  826. 
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streams,  to  a  ripe  old  age,  and  investigates,  finding  that 
sometime  in  1875  within  nine  weeks  fifty  octogenarians 
died  in  the  district  at  an  average  age  above  85,  it  may  or 
may  not  be  a  real  find.  Only  protracted  research  can 
show  whether  a  locality  does  favor  longevity,  or  whether 
some  historic  episode  combined  with  a  static  population 
has  not  weeded  out  the  short-lived  ones,  or  whether  the 
inhabitants  are  merely  extraordinarily  lazy,  or  whether 
it  is  just  a  mistake  in  taking  statistics.  Till  such  issues  are 
settled,  unfortunately  no  further  steps  in  reasoning  are 
reasonable. 

Long  spans  of  life  are  also  achieved  by  adding  in  long 
periods  of  rests  that  living  organisms  may  take.  A  curious 
beginning  was  made  recently  in  reviving  organisms  that 
had  been  frozen  solid  1000-3000  years  in  the  ice  of  the 
Arctic.  Soviet  scientists  from  the  All-Union  Academy  of 
Sciences  are  exploiting  a  stratum  two  to  fifty  or  sixty 
meters  below  the  surface  of  the  ground  north  of  the 
Arctic  circle  for  such  investigations.  The  first  successes 
were  reported  from  a  hole  three  and  a  half  meters  deep 
in  a  meadow  near  the  Scovoroden  ice  station.  It  led  to  a 
region  perpetually  frozen  containing  partially  decayed 
plants  or  what  remained  of  a  peat  bog.  Within  15  days 
samples  began  to  revive  and  show  green. 

Prof.  P.  N.  Kapterev  describes  the  experiment:  ^^On 
looking  in  the  microscope  it  appeared  that  they  v/ere 
lower  forms  of  seaweed  of  various  types.  Some  of  them 
were  unicellular,  others  were  threadlike  in  the  form  of 
long  slivers  composed  of  one  row  of  cells. 

Within  a  few  months  the  soil  in  that  same  jar  began 
to  produce  green  products  of  moss. 
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a  result  of  our  experiments  it  can  be  stated  that 
there  is  really  a  possibility  of  resuscitating  organisms 
long  after  they  have  been  frozen.’’  * 

There  is  no  reason  why  the  search  should  not  continue 
for  extinct  forms.  By  going  deeper,  one  might  guess. 
This  would  be  a  new  variant  on  the  old  geology  which 
uncovered  only  dead  and  decomposed  forms. 

One  is  likely  to  dismiss  the  above  as  a  mistake,  but  the 
mistake  would  be  very  hard  to  explain.  Of  course,  a 
fungus  may  start  anywhere,  and  an  amateur  would  be 
easily  deceived.  In  this  case,  however,  there  are  dis¬ 
criminating  eyes  trained  on  the  problem,  eyes  that  can 
tell  the  various  possibilities  apart. 

For  doubters  it  is  good  to  be  reminded  of  many  ob¬ 
servations  tending  in  the  same  direction.  Bacteria  have 
been  preserved  artificially  at  low  temperatures.  The 
lower  the  better,  it  seems.  The  great  chemist,  Arrhenius, 
actually  based  a  theory  of  the  conservation  of  life  on  this 
generalization.** 

*  ‘‘We  see,”  Kapterev  continues,  “that  the  limits  of  life  are  extremely 
broad.  Life  is  incomparably  more  resistant  and  prolonged  than  we  for¬ 
merly  thought. 

“It  is  now  necessary  to  search  for  remains  in  still  deeper  strata ;  for  the 
deeper  we  go,  the  older  the  soil.  Perhaps  at  a  depth  of  ten  to  fifteen  meters 
we  could  revive  not  contemporary  organisms  but  their  predecessors  that 
have  disappeared  from  the  face  of  the  earth. 

“That  would  be  in  fact  to  resuscitate  fossils,  extinct  organisms.  It  is 
not  known  whether  this  will  be  possible  or  not,  but  experiments  in  this  di¬ 
rection  are  already  being  planned  by  the  All-Union  Academy.” 

**  Arrhenius,  impressed  by  the  two  laws  which  state  that  the  sum 
total  of  matter  in  the  universe  is  constant  and  that  the  sum  total  of  en¬ 
ergy  is  constant,  added  a  third  that  the  sum  total  of  “life”  in  the  uni¬ 
verse  is  constant.  He  imagined  a  universe  filled  with  tiny  particles  carry¬ 
ing  life  which  is  conserved  in  the  great  cold  of  outer  space  at  nearly 
“absolute  zero”  or  minus  273.15°  Centigrade.  The  sun  and  the  stars, 
which  are  sums,  do  not  burn  these  particles  up  because  they  repel  them 
by  the  pressure  of  their  light.  The  Russian  physicist,  Lebedev,  had  actually 
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Most  assuredly  plants  can  achieve  very  long  life  spans 
in  one  way  or  another.  Can  animals  do  the  same? 

shown  this  phenomenon  and  calculated  it  accurately.  On  the  other  hand, 
a  cool  body,  like  the  cooling  earth,  exerting  no  appreciable  “light  pres¬ 
sure,”  allows  those  seeds  to  fall  and  start  life  and  evolution  going.  The 
first  two  laws  have  been  recently  combined  into  one  (Einstein) — who  will 
undertake  to  combine  the  three?  We  are  afraid  Arrhenius’  Law  is  quite 
different  and  will  not  blend. 
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The  statistics  concerning  animals  are  as  impressionistic 
as  any  in  spite  of  the  fact  that  egotism  plays  a  small  role 
in  their  making.  Depending  on  the  interpretation  there 
is  as  much  reason  to  exaggerate  as  to  underestimate  an 
animaPs  life  span.  Francis  Bacon  in  a  skeptical  mood 
allowed  the  elephant  as  much  as  an  occasional  two  hun¬ 
dred  years.  He  marvels  why  the  bear,  a  great  sleeper, 
a  dull  beast,  given  to  ease,  is  not  noted  for  long  life. 
He  seems  to  deduce  a  rather  short  life  span  for  the  fox, 
because  he  is  only  a  kind  of  a  dog.  The  camel  is  put  down 
for  fifty  to  a  hundred  years  3  the  horse,  for  scarcely  forty, 
and  only  twenty  ordinarily  3  the  mule  outlives  both  the 
horse  and  the  ass  3  the  sheep  ^^seldom  lives  to  ten  years, 
though  he  be  a  creature  of  a  moderate  size,  and  ex¬ 
cellently  clad”  3  the  goat  is  down  with  the  sheep  3  for 
the  sow,  fifteen  to  twenty  3  for  a  cat,  six  to  ten  3  hares, 
scarce  seven.  Another  wave  of  skepticism  arrives  with  the 
doubting  of  the  adage  ^^the  old  age  of  an  eagle,”  but  a 
vulture  is  credited  with  a  hundred  years  3  and  so  is  the 
raven.  The  swan  may  exceed  a  hundred.  “Storks  must 
needs  be  long  livers,  if  that  be  true  which  was  anciently 

observed  of  them,  that  they  never  came  to  Thebes, 
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because  that  City  was  often  sacked.  This  if  it  were  so, 
then  either  they  must  have  the  knowledge  of  more  ages 
than  one,  or  else  the  old  ones  must  tell  their  young  the 
History!’’  But  Bacon  won’t  accept  the  Phoenix.  He 
allows  three  score  for  the  parrot  in  England,  twenty  for 
the  peacock,  pheasants  and  partridges,  sixteen,  a  short 
life  for  the  sparrow  ^hmputed  in  the  Males  to  their 
lasciviousness.”  Some  moderns  have  outdone  him  in 
granting  the  parrot  two  hundred  years  occasionally  and 
sixty  to  two  hundred  to  the  placid  swan. 

The  whale  is  listed  among  the  fishes,  but  no  estimate 
is  given,  as  a  sop  to  honesty.  Dolphins  are  credited  with 
thirty  years,  lampreys  with  threescore,  the  pike  with 
forty  j  the  carp,  bream,  tench  and  eel,  with  ten  each. 

Some  other  extravaganzas  as  to  the  ages  of  animals 
beg  to  be  recorded.  Hesiod,  who  credits  man  with  a  span 
of  ninety-six  years,  grants  readily  to  the  deer  more  than 
three  thousand,  and  to  the  crow  still  more.  The  follow¬ 
ing  sound  odd: — Buff  on’s  two  hundred  year  old  carp,  a 
pike  of  two  hundred  sixty-seven,  a  falcon  of  one  hun¬ 
dred  sixty-two,  Greenland  whales  three  hundred  to  four 
hundred  years  old.  For  those  who  like  the  theory  that 
longevity  varies  with  the  period  of  growth,  the  wildest 
speculation  is  open  about  the  age  of  the  Saurians  who  as¬ 
suredly  must  have  spent  a  considerable  time  growing. 

A  modern,  scientific  list  of  life-durations  at  various 
life  levels,  presented  by  the  eminent  Dr.  Raymond  Pearl 
of  Johns  Hopkins,  sets  the  following  life  spans:  lower 
invertebrates,  below  a  hundred  hours  j  insects,  from  be¬ 
low  a  hundred  hours  to  seventeen  years  j  fish,  up  to  two 
hundred  and  sixty-seven  years  j  amphibia,  up  to  thirty- 
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six  years  j  reptiles,  up  to  a  hundred  and  seventy-five 
years  3  birds,  nine  to  one  hundred  eighteen  years  3  mam¬ 
mals,  one  and  one-half  to  one  hundred  years. 

With  a  flourish  Bacon  draws  a  series  of  tentative  rules, 
as  that  in  birds  the  smallness  of  their  heads  has  some¬ 
thing  to  do  with  longevity,  or  that  milder  creatures  are 
not  long-lived,  as  the  sheep  and  the  dove,  or  that  crea¬ 
tures  with  dusky  flesh  live  longer  than  those  with  white 
flesh.  All  these  are  curious  efforts  to  grapple  with  the 
problem,  nor  are  they  all  silly  or  unscientific,  if  taken  as 
strictly  tentative  and  representing  only  the  knowledge  of 
his  day.  Some  of  our  efforts  at  correlations  will  either 
look  as  ridiculous  some  day  or  will  reveal  surprising  pos¬ 
sibilities  in  the  old  guesses. 

We  still  know  so  little  about  the  animals.  What  can  we 
hope  to  say,  then,  about  man? 


Ill 
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Golden  Ages,  we  must  not  forget,  abounded  in  cen- 
tenariness.  The  Scriptures  set  the  first  age  of  this  kind 
before  the  flood,  accidentally  giving  the  posterity  of  Cain 
quite  a  share  of  this  desirable  quality. 

The  antedeluvian  patriarchs  show  this  record:  Adam, 
nine  hundred  thirty,  Seth,  nine  hundred  twelve,  Enos, 
nine  hundred  and  five,  Cainan,  nine  hundred  and 
seventy,  Mahalaleel,  eight  hundred  ninety-five,  Jared, 
nine  hundred  sixty-two,  Enoch,  three  hundred  sixty- 
five  j  Methuselah,  nine  hundred  sixty-nine;  Lamech, 
seven  hundred  seventy-seven.  All  but  four  were  parents 
after  sixty-five,  Adam  at  one  hundred  and  thirty,  Me¬ 
thuselah  at  one  hundred  eighty-seven,  Jared  at  one 
hundred  eight-two,  Noah  at  five  hundred.  A  reduction 
to  one-fourth  of  the  original  span  followed  after  the 
flood:  Abram,  one  hundred  and  seventy-five;  Isaac,  one 
hundred  and  eighty;  Jacob,  one  hundred  and  forty- 
seven;  Ismael,  one  hundred  and  thirty-seven;  Sarah, 
one  hundred  and  twenty-seven;  Joseph,  one  hundred 
and  ten;  Levi,  one  hundred  and  thirty-seven;  Moses, 
one  hundred  and  twenty;  Aaron,  one  hundred  and 

twenty-three;  Joshua,  one  hundred  and  ten;  Job,  one 
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hundred  and  forty j  Isaiah,  one  hundred.* 

The  Egyptians  seem  to  have  boasted  little  of  lon¬ 
gevity. 

In  the  very  ancient  literature  of  India  a  holy  man  is 
allowed  some  eighty  thousand  years.  Indeed  the  average 
life  of  saints  is  something  of  the  order  of  one  hundred 
thousand  years. 

The  records  for  famous  Greeks  and  Romans  are  not 
extravagant:  Numa,  eighty 5  Solon,  about  eighty 3  Xeno¬ 
phon,  one  hundred  and  two-  Anacreon,  a  little  over 
eighty  j  Pindar,  eighty  j  and  so  Sophocles  j  Gorgias  the 
Sicilian,  one  hundred  and  eight;  Isocrates  the  Athenian, 
ninety-eight;  Diogenes,  ninety;  Zeno,  ninety-eight; 
Plato,  eighty-one;  Terentia,  Cicero’s  wife,  one  hundred 
and  three;  and  so  on  in  a  long  stream,  including  Nestor 
who  lived  three  generations,  Epaminondas  who  saw 
three  centuries,  and  Tithonus  who  became  immortal, 
without  youth,  through  a  liaison  with  Aurora. 

The  church  has  made  a  few  modest  claims:  St.  John, 
ninety-three;  St.  Luke,  eighty- four;  St.  Paul  the  Her¬ 
mit,  one  hundred  and  thirteen;  St.  Anthony,  one  hun¬ 
dred  and  five;  St.  Athanasius,  more  than  eighty;  St. 

r 

*  Besides  the  Bible’s  reference  to  “Three  score  and  ten,”  there  are  other 
versions: — Genesis  6,  3.  “And  God  said:  my  spirit  shall  not  remain  in  man 
forever  because  he  is  flesh  and  his  day  shall  be  a  hundred  and  twenty 
years.” 

Deuteronomy  34,  7.  “Moses  was  120  years  old  when  he  died:  his  eye 
was  not  dim  neither  were  his  teeth  moved.” 

Deuteronomy  33,  25.  “As  the  days  of  thy  youth  so  also  shalt  thy  old 
age  be.” 

Ecclesiastes  26,  i.  “Happy  is  the  husband  of  a  good  wife  for  the  num¬ 
ber  of  his  years  is  double.” 

Job  42,  16.  “And  Job  lived  after  these  things  one  hundred  and  forty 
years  and  he  saw  his  children  and  his  children’s  children  unto  the  fourth 
generation  and  he  died  an  old  man  and  full  of  days.” 
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Hierom,  over  ninety  3  Pope  Gregory  the  Twelfth, 
ninety. 

Amongst  the  Jews,  the  sect  of  the  Essenes,  the  most 
abstemious  group  of  ascetics,  got  a  reputation  as  con¬ 
sisting  of  centenarians.  But  why  multiply  instances  of 
this  kind  further?  We  might  even  have  to  enter  into  the 
complex  theological  questions  concerning  the  life  span 
of  the  Wandering  Jew. 

A  little  aside  may  be  permitted  to  point  out  that  a 
black  statistical  record  seems  to  exist  against  writers  on 
old  age.  They  are  not  particularly  hardy.  Bacon  suc¬ 
cumbed  at  sixty-six,  Metchnikoff  at  seventy-one.  Never¬ 
theless,  fable  has  dealt  kindly  at  least  with  Galen,  rat¬ 
ing  him  at  one  hundred  and  forty,  and  with  Hippocrates, 
allowing  him  one  hundred  and  four. 

With  regard  to  man’s  longevity  one  would  expect  the 
more  ancient  records  to  contain  the  most  fascinating 
fancies.  Demi-gods,  heroes  and  prophets  must  naturally 
be  exempted.  They  have  been  handed  immortality  out¬ 
right  at  the  price,  however,  of  the  curtailment  of  their 
stay  on  earth.  Their  retirement,  with  or  without  divine 
help,  has  in  general  been  rather  early.  Our  interest  must 
turn  to  ordinary  mortals  whose  lives  would  contain 
nothing  to  excite  the  envy  of  either  gods  or  fellowmen. 
Pliny  seriously  records  a  life-time  of  five  hundred  years 
of  an  Illyrian  of  no  particular  note.  There  was  also  one, 
Papalius,  who  equalled  this  record.  Roman  historians 
give  credit  to  some  Hindoos,  of  whom  one  passed  the 
three  hundredth  year,  another  the  two  hundredth.  The 
standard  of  two  hundred  is  also  supposed  to  have  been 
set  by  a  certain  Litorius  of  Aetolia.  Pliny  does  justice 
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to  at  least  one  king  who  ruled  over  Cyprus  beyond  the 
age  of  one  hundred  and  sixty.  No  doubt  historical  re¬ 
search  would  turn  up  more  and  more  imaginative  ma¬ 
terial  of  this  sort.  To  us  the  value  lies  in  being  able  to 
say,  ^^this  man  is  a  veritable  Papalius,  that  one  perhaps 
only  a  Litorius”  and  thus  take  the  burden  off  from 
Methuselah’s  well-worn  name. 

A  fabulous  story  is  cited  with  some  critical  approval 
by  Roger  Bacon  of  a  man  who  appeared  in  1245  and 
claimed  that  he  attended  the  Council  of  Paris  in  a.d.  362 
and  had  also  seen  the^  baptism  of  Clovis.  Bacon  cut  his 
life  claim  down  to  three  hundred  years. 

A  study  of  more  modern  remarkable  instances  of 
longevity  reveals  a  credulity  even  on  the  part  of  scien¬ 
tific  men.  The  following  have  been  ^^approved”  by  noted 
doctors,  as  if  they  were  fully  genuine: 

Petratsch  Zorten,  a  native  of  Hungary  and  a  cow¬ 
herd,  died  at  the  age  of  one  hundred  and  eighty-five 
years.  Zorten’s  diet  consisted  entirely  of  milk  and  cakes, 
with  a  glass  of  brandy  j  and,  “being  of  the  Greek  church, 
he  was,  to  the  last,  a  strict  observer  of  all  their  fasts.” 

Henry  Jenkins,  of  Northallerton,  Yorkshire,  lived  to 
a  hundred  and  sixty-nine,  being  first  a  laborer  and  after¬ 
wards  a  fisherman. 

Something  very  touching  in  this:  Sarah  Rouen,  one 
hundred  and  sixty-four,  and  John  Rouen,  her  husband, 
one  hundred  and  seventy-two,  were  married  one  hun¬ 
dred  and  forty-seven  years,  both  natives  of  the  Directory 
of  Carsoueber.  (Collusion  in  a  secret  of  longevity?) 

Thomas  Parr,  a  native  of  Shropshire,  known  as  “Old 
Parr,”  made  Westminster  Abbey  in  1635  at  the  age  of 
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one  hundred  and  fifty- two. 

Catherine,  Countess  of  Desmond,  who  died  in  the 
reign  of  James  the  First,  was  one  hundred  and  forty  j 
and  ^^thrice,  in  the  course  of  her  life,  she  renewed  her 
teeth.” 

Kentigern,  or  St.  Mungo,  Bishop  of  Glasgow,  lived 
to  the  age  of  one  hundred  and  eighty-five,  “as  certified 
on  his  monument.” 

Lawrence,  a  native  of  the  Shetland  Islands,  married 
at  the  age  of  one  hundred,  and  died  at  one  hundred  and 
forty. 

Gylloul  Macrain,  a  native  of  the  island  of  Toura,  in 
the  Hebrides,  died,  “after  keeping  one  hundred  Christ¬ 
mas  masses.”  Was  the  death  natural? 

John  Taylor,  a  Scotch  miner,  lived  to  one  hundred 
and  thirty-two  j  “he  always  used  tobacco,  and  his  teeth 
continued  sound  to  the  last.” 

Peter  Garden,  a  Scotsman,  one  hundred  and  thirty- 
one  j  his  employment,  agriculture. 

Isabel  Walker,  a  Scotswoman,  one  hundred  and 
twelve  j  distinguished  by  a  placidity  of  temper,  and 
“possessed  that  happy  medium  state  of  habit,  neither 
lean  nor  corpulent,  favorable  to  long  life.” 

Aryans  may  rejoice  in  the  story  of  the  Dane,  Chester 
Jacobsen  Drakenberg,  Nov.  i8,  1626  to  Oct.  9,  1772. 
The  latter  date  seems  to  be  well  authenticated.  Not  so 
his  marriage  in  1737  at  the  age  of  one  hundred  and 
eleven,  or  his  vigorous  proposals  to  the  ladies  in  Aarhus 
at  the  alleged  age  of  one  hundred  and  thirty. 

Youthful  conduct  on  a  more  objective  plane  than  at¬ 
tempted  love  making  is  the  celebrated  whooping  cough 
Robert  Bowman,  one  hundred  and  fifteen,  is  supposed 


MAN  DREAMS  OF  LONG  LIFE 


31 


to  have  enjoyed  at  the  age  of  one  hundred. 

Newspapers  bring  a  steady  stream  of  stories  from  the 
four  corners  of  the  earth.  The  further  the  corner  the 
more  striking  the  age  set.  Thus: 

^^Simla,  India. — In  the  Colaba  district  of  Bombay 
lives  a  man  named  Kashinath  who  is  one  hundred  and 
twenty  years  old.  His  present  wife  is  his  fourth.” 

“San  Salvador, — Miss  Dolores  Bedoya  celebrated  her 
one  hundred  and  twentieth  birthday  recently.  Attributes 
it  to  the  fact  that  she  has  never  been  in  love.” 

“Georgetown,  British  Guiana, — Pundit  Mahangoo 
yesterday  celebrated  his  one  hundred  and  sixth  birthday 
by  getting  married  for  a  third  time.” 

“Hamilton,  Bermuda — Mrs.  Jane  Johnson,  a  Negro 
known  as  Aunt  Jane,  died  at  one  hundred  and  six  in  the 
Poor  House.”  She  often  said  she  remembered  the  day 
the  abolition  of  slavery  became  effective  in  Bermuda. 
(Aug.  II,  1834.) 

And  even  nearer  home: 

“Sheboygan,  Wis., — Will  Stanton  celebrated  what  he 
said  was  his  one  hundred  and  twelfth  birthday  today.  He 
prides  himself  on  still  being  able  to  work  like  a  man  of 
fifty.” 

“Gets  Federal  Pay  at  one  hundred  and  fifteen.  The 
story  of  a  Negro,  a  former  slave  in  Chickamauga  Na¬ 
tional  Park.  Married  five  times.” 

“Adirondack  guide  says  he’s  one  hundred  and 
eleven.”  That  came  from  Blue  Mountain  Lake,  N.  Y. 

“Lived  one  hundred  and  eighteen  years  under  Four 
Flags” — Mrs.  Anastacia  Camargo  is  well  and  active. 
Her  hair  is  white  and  abundant.  She  can  thread  a  needle, 
sew  and  cook.  Daily  she  carries  on  such  household  chores 
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as  washing  and  wood-chopping. 

She  lives  in  a  little  adobe  house  nine  miles  from  El 
Paso  with  her  youngest  son,  who  is  more  than  seventy. 
She  calls  him  “Mi-hijo” — my  little  boy. 

Her  eyes  brighten  when  she  recalls  the  days  when 
Spain,  and  later  Mexico,  ruled  her  homeland.  She  saw 
the  birth  of  the  Lone  Star  Republic  and  the  later  days 
of  territoriality  and  statehood.  She  has  outlived  two  hus¬ 
bands. 

Her  formula  for  long  life  is  simple — “Trabajo, 
mucho  trabajo” — work,  and  plenty  of  it. 

But  there  are  rather  reliable  cases  on  record  as  that  of 
Titian  (ninety-nine),  Fontenelle  (Feb.  ii,  1 65 7-Jan. 
9,  1757)  Chevreul,  the  great  French  chemist  (one  hun¬ 
dred  and  three).  Sir  Moses  Montefiore  (one  hundred 
and  one),  to  mention  only  personalities  whose  careers 
were  followed  very  closely  throughout  their  lives  be¬ 
cause  of  their  famous  work. 

A  composite  centenarian — old  style — would  be  Nor¬ 
wegian,  Russian  or  Scotch  j  inclined  to  the  female  sidej 
about  one  hundred  and  fivej  of  low  station  in  lifej 
moderate  in  habits  with  occasional  deviations  to  excesses 
and  excessive  abstemiousness  j  he  or  she  would  ^Teep  the 
head  cool  by  temperance,  and  the  feet  warm  by  exer¬ 
cise.^’  The  stature  would  be  short,  unless  you  are  of 
the  breed  of  Sir  Moses  Montefiore,  6  foot  3  inches. 

A  composite  prescription  for  old  age  would  be:  be¬ 
come  a  gardener,  a  miner  if  need  be  5  a  soldier  or  sailor, 
but  do  not  go  to  war.  Beware  of  voluptuousness.  If  you 
must  have  music,  be  a  dancing  master  rather  than  a 
singer.  If  you  are  learned  you  are  likely  to  be  cut  off 
at  eighty.  Better  get  married  and  if  you  are  a  woman 
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become  a  mother.  With  reference  to  the  most  famous  of 
medicines,  remember  Sir  William  Temples  on  drinking: 
“The  first  glass  for  myself,  the  second  for  my  friend, 
the  third  for  good  humour,  and  the  fourth  for  mine  ene¬ 
mies.’’ 

Or,  if  you  will,  include  the  following  dietary  ingredi¬ 
ents: — milk  alone  3  free  helpings  of  rum  and  brandy, 
assisted  with  claret  and  punchy  biscuits  and  apples,  with 
milk  and  watery  much  winej  butter-milk  and  greens 
(to  be  one  hundred  and  sixteen)  3  new  laid  eggs  (one 
hundred  and  fifteen)  3  “vegetables”  in  general  (one 
hundred  and  eighteen)  3  brandy,  avoiding  water  (Wil¬ 
liam  Riddel,  one  hundred  and  sixteen)  or  better,  bread 
soaked  in  spirits  and  ale 3  potatoes  (one  hundred  and 
ten)  3  full  pint  of  wine  per  meal,  more  in  cold-weather 
(one  hundred  and  thirty-eight)  3  hearty  eating  (one 
hundred  and  three),  (Rev.  W.  Davis,  one  hundred  and 
five). 

Contrasts  in  morals,  if  you  please: — St.  Anthony  the 
Great  and  the  French  scientist,  Chevreul.  The  former 
never  willingly  washed  himself  in  the  name  of  asceticism 
and  scored  one  hundred  and  five  3  the  latter  was  a  gour¬ 
met  at  one  hundred  and  three. 

To  be  a  centenarian  you  are  permitted  to  have  short 
lived  parents,  to  be  first  born  and  even  to  be  born  out 
of  wedlock  3  to  be  quite  ill  in  youth.  Among  your  resi¬ 
dences  these  choices  are  allowed: — a  marshy  and  con¬ 
stantly  flooded  district  (Susan  Mills,  one  hundred  and 
one)  3  Drury  Lane  (Mme.  X  at  one  hundred  and  five)  3 
no  washing  (e.  g.  Mrs.  Lewson)  to  avoid  colds  up  to  one 
hundred  and  six. 

Life  begins  to  be  interesting  above  one-hundred. 


IV 

COLD  CRITICS 


A  COLD  blast  from  the  actuaries,  however,  reduces  it  all 
to  the  following  dry  ashes: — 

Categorically,  they  do  not  believe  that  anyone  has 
lived  much  more  than  one  hundred  and  six  years.  Their 
preoccupation  with  checking  records  carefully  has  led 
them  to  a  withering  skepticism  as  to  all  excessive  claims. 
They  have  shown  up  so  many  errors  in  records,  switch¬ 
ing  of  years  to  namesakes,  from  mothers  to  daughters, 
and  from  fathers  to  sons.  In  many  cases  affidavits  un¬ 
supported  by  anything  more  than  the  aged  man’s  convic¬ 
tions  concerning  his  age  have  been  used  as  a  basis  for  the 
claims.  In  the  papers  and  dissertations  of  the  experts  on 
the  subject,  life  insurance  experience  for  one  hundred 
and  fifty  years  speaks  and  not  mere  impressionism. 

Conservatism  admits  that  only  about  3  out  of  100,000 
reach  one  hundred.  This  would  allow  the  U.S.A.  to 
count  on  4000  centenarians.  The  number,  however, 
would  be  largely  increased  by  a  loose  interpretation  which 
would  call  a  man  ninety-eight  years  old  also  a  cen¬ 
tenarian.  Agreement  also  exists  as  to  the  preponderance 
of  women  amongst  the  very  long  lived.  They  outnumber 
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the  men  about  two  to  one.* 

One  of  the  most  interesting  students  of  vital  statistics 
was  none  other  than  Alexander  Graham  Bell,  the  in¬ 
ventor  of  the  telegraph.  His  interest  in  longevity  must 
have  kept  him  almost  as  busy  as  his  inventive  work. 
U.S.  Government  publications  by  him  record  findings  a 
few  of  which  were  reversed  and  most  of  which  were 
largely  substantiated  on  a  larger  scale.  He  gives  keen, 
common-sense  suggestions  in  explanation.  In  the  rivalry 
between  heredity  and  environment  he  gives  both  their 
due.  Where  he  erred,  the  mistakes  crept  in  because  he 
was  treating  the  statistics  of  the  famous  Hyde  family, 
whose  members  were  born  chiefly  in  the  i8th  century 
and  in  the  early  part  of  the  19th.  He  says: 

“The  males  upon  the  average  lived  longer  than  the 
females,  and  yet  more  females  than  males  lived  to  ex¬ 
treme  old  age. 

“The  statistics  indicate  that  a  tendency  to  longevity  is 
an  inheritable  characteristic,  capable  of  being  handed 
down  from  parents  to  children.  What  is  really  inherited 
is  probably  a  tough,  wiry  constitution  that  enables  the 
fortunate  possessor  to  survive  the  multitudinous  ills  that 
flesh  is  heir  to  and  to  live  on  to  the  extreme  limit  of  hu¬ 
man  life.  From  this  point  of  view  attainment  of  old  age 
is  extremely  significant.  The  last  survivors  of  a  whole 
generation  are  people  who  have  by  the  very  fact  of  their 
surviving  to  old  age  proved  themselves  to  be  resistant 


*A  reliable  volume  by  T.  E.  Young  lists  21  women  out  of  the  30 
centenarians  picked  from  a  million.  The  all  time  record  admitted  by  him 
is  for  a  woman  who  apparently  reached  the  age  of  1 10  years  and  321  days. 
Alexander  Graham  Bell  shows  a  picture  of  Mrs.  Ann  Pouder  of  Baltimore 
at  no  in  one  of  his  pamphlets. 
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to  disease.  They  have  been  exposed  to  the  diseases  and 
accidents  that  have  cut  off  the  vast  majority  of  their 
fellows  before  their  prime,  but  have  not  succumbed.’’ 

He  further  found  that  seventy  was  no  unusual  age  for 
a  parent  and  hence  was  able  to  get  more  plausibility  for 
the  improvement  of  longevity  with  heredity.  People 
who  live  longer  have  more  children  on  the  average.  The 
^^natural”  process  in  such  a  manner  “tends”  to  improve 
the  race. 

In  the  larger  statistics  of  today  we  know  that  women 
outlive  men  on  the  average  as  well  as  in  the  individual 
cases  noted  by  Bell.  On  the  other  hand  they  may  be 
ill  as  much  as  fifty  per  cent  oftener.  The  inheritance  of 
longevity  is  considered  to  have  been  rather  well  proved. 
It  was  difficult  to  prove  it  thoroughly  in  Bell’s  day  be¬ 
cause  before  1850  the  general  longevity  was  too  low  for 
genealogical  studies.  It  is  for  such  reasons  that  the 
Pearls  did  not  go  beyond  the  grandfathers  in  their  re¬ 
cent  studies  of  longevity  in  connection  with  heredity. 
They  employed  the  device  of  adding  the  ages  of  the 
parents  and  grandparents  to  obtain  an  index  for  com¬ 
parison.  Since  then  we  have  had  curious  corroborative 
studies.  Corroboration  of  large  scale  studies  is  welcome 
wherever  a  constant  factor  can  be  established.  An  en¬ 
terprising  investigator,  for  example,  took  the  trouble  of 
studying  cemetery  records  of  religious  denominations 
in  small  communities  (a  rather  stable  factor),  and  found 
that  church  “A”  members  maintained  a  longevity  of  five 
or  ten  years  greater  than  church  “B”  or  church  “C.”  In¬ 
termarriage  between  different  church  members  was  in¬ 
frequent. 
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One  should  not  get  an  idea  that  inheritance  statistics 
are  in  any  way  finished.  The  investigators  still  report  a 
rather  large  percentage  of  exceptions,  about  one  in  eight 
in  the  best  data.  Technical  critiques  are  constantly  ap¬ 
pearing  of  Bell,  Pearson,  Beeton,  and  will  appear  re¬ 
garding  the  work  of  the  moment. 

Shall  we  wait  for  more  and  better  statistics  before  we 
can  gather  hope  from  sound  facts?  In  spite  of  the  large 
number  of  exceptions  can  we  not  at  least  see  some  im¬ 
portant  facts  emerging  while  ancient  prejudices  are  being 
submerged? 


V 

EXPLODING  THE  ^^THREE  SCORE  AND  TEN^^ 


The  subject  of  discussion  is  usually  dropped  at  this  point 
by  the  rather  hard-hearted  actuaries.  Their  interest,  after 
all,  is  determined  by  the  immediate  economic  viewpoint 
of  insurance.  They  must  advise  the  betting  that  goes  on 
as  to  the  life  and  death  frequencies  of  the  customers.  Not 
only  they  but  also  the  Bureau  of  the  Census  must  take 
an  interest  in  such  matters  for  practical  reasons.  The 
outstanding  fact  in  this  connection  is  that  the  expecta¬ 
tion  of  life  has  risen  in  a  single  generation  or  so  by  about 
a  dozen  years.  It  is  now  about  sixty-one  for  all  babies, 
black  and  white.  Almost  everyone  has  observed  as  a  con¬ 
sequence  the  gradual  rise  of  the  number  of  middle-aged 
people,  a  process  which  will  continue  on  the  increase  for 
the  same  reason  as  well  as  for  others. 

Some  writers  have  already  expressed  their  concern 
over  the  25  per  cent  increase  in  the  trials  and  tribulations 
of  life  per  person  on  the  average.  One  has  calculated 
that  there  will  be  two  more  business  depressions  (the 
booms  are  easily- forgotten),  two  more  Presidential  elec¬ 
tions  and  no  less  than  six  more  Congressional  elections. 
“In  the  dictated  countries  the  longer  life  span  means  two 

to  six  more  changes  of  policy  without  elections.”  Then 
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there  is  also  the  nuisance  of  moving  to  six  more  apart¬ 
ments,  three  more  changes  of  skirts  from  short  to  long 
and  vice  versa,  perhaps  144  more  books  to  read,  and 
what  not. 

All  these  fears  aside  and  with  the  full  force  of  the 
actuaries’  carefulness,  we  can  say  smilingly  and  rather 
optimistically  that  one  out  of  four  right  now  disproves 
the  Biblical  ^^three  score  and  ten,”  and  not  end  up  as  is 
usual  in  such  discussions  with  the  easy  conclusion  that 
threescore  and  ten  has  a  very  authoritative  finality. 
When  exceptions  rise  to  25  per  cent  one  cannot  be  quite 
complacent.  We  are  also  quite  certain  that  the  change 
in  statistics  warrants  an  expectation  that  the  progress 
already  made  will  be  duplicated  by  the  ordinary  means 
employed,  namely  hygienic  propaganda.  In  that  case  we 
can  expect  one  out  of  two  to  disprove  the  Biblical  gen¬ 
eralization.  A  generalization  cannot  be  said  to  have  much 
value  when  it  is  just  as  likely  to  be  true  as  untrue  about  a 
specific  individual. 

The  more  recent  data  on  ^dong-lasting”  is  encourag¬ 
ing  only  in  spots.  M.  de  Solaville  estimated  the  popula¬ 
tion  of  Europe  in  1870  at  about  243  million.  Of  those 
about  17  million  were  over  sixty,  about  80,000  over 
ninety,  and  62,500  over  one  hundred.  The  relative  num¬ 
ber  of  centenarians  has  not  increased  greatly,  if  at  all. 
There  has  been  improvement  only  in  the  middle  ages  in 
the  sense  that  more  people  reach  middle  age,  but  once 
having  reached  middle  age  their  chance  of  reaching  very 
old  age  is  actually  less  than  formerly. 

Many  human  beings — perhaps  all  at  one  time  or  an¬ 
other — are  haunted  by  the  questions:  am  I  probably 
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long  or  short  lived?  Can  I  myself  know  the  indications? 
Can  a  doctor,  a  scientist,  foretell  with  some  degree  of 
assurance  what  my  life  span  will  be,  barring  accidents 
of  all  kinds  and  allowing  for  reasonable  care?  These 
questions  are  the  parents  of  all  sorts  of  inquiries  amongst 
scientists  as  well  as  amongst  amateurs,  to  correlate,  to 
find  a  fixed  correspondence,  between  some  characteristic 
and  longevity.  The  variety  of  investigators  is  legion.  At 
one  end  of  the  scale  we  have  astrologers,  palmists,  un¬ 
conscious  quacks,  and  at  the  other  end  a  few  fortunate 
animal  experimenters  who  have  deciphered  some  con¬ 
nection  and  have  fortified  their  position  by  actual  ex¬ 
periments  in  which  they  modified  the  span  of  life. 

It  must  be  pointed  out  that  the  statisticians  cannot 
claim  any  theoretical  basis  for  their  most  accurate  figures, 
so  that  although  their  accuracy  at  the  present  time  is 
hardly  to  be  questioned  in  general,  the  significance  of 
their  results  is  always  in  a  very  dubious  state.  This  gives 
the  palm  of  leadership  to  scientists  who  can  arrange  ex¬ 
periments  more  subtle  than  the  counting  of  instances. 
These  vary  some  factor,  as  the  presence  of  some  active 
principle  or  an  ingredient  of  the  diet,  or  the  impairment 
or  improvement  of  the  function  of  an  organ  by  surgery 
or  chemistry  or  even  by  psychological  means,  and  then 
count  the  instances.  Statistics  is  thus  seen  to  be  a  tool,  an 
instrument,  of  the  more  comprehensive  scientific  method. 
Furthermore  the  statistical  generalization  holds  only 
within  the  framework  or  context  in  which  it  was  de¬ 
veloped.  Should  one  be  investigating,  for  example,  the 
life  span  of  normal  rabbits  kept  under  such-and-such 
(average)  laboratory  conditions,  it  is  conceivable  that 
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the  life  expectancy  of  a  rabbit  at  birth  may  be  set  down 
at,  let  us  say,  five  years.  Full  life  tables  could  be  con¬ 
structed  and  life  insurance  rates  could  be  set  for  rabbits. 
It  could  be  shown  by  a  tremendous  wealth  of  data  that 
no  rabbit  has  lived  to,  let  us  say,  more  than  seven  years. 
All  that  is  true,  scientific,  but  it  does  not  follow  from 
that  that  no  change  can  be  made.  Neither  that  nor  the 
opposite  conclusion  follows.  The  decision  must  be  left  to 
experiment  and  not  to  logic.  There  is  no  logical  con¬ 
nection  of  any  kind.  There  is  only  a  psychologic  one,  one 
of  expectation,  which  has  often  been  contradicted  by  ex¬ 
periment.  A  scientist  comes  along,  adds  milk  or  whatnot 
to  the  diet,  and  increases  the  life  expectation  to  six  years, 
and  produces  the  ^fimpossible’’  rabbit  who  lives  nine 
years!  Why  such  an  expectation  in  itself  has  a  certain 
psychological  reasonability  will  be  seen  in  our  discussion 
elsewhere  in  this  volume. 

The  possible  correlations  are  thus  condensations  of  ex¬ 
periences  gathered  in  very  narrow  frameworks  or  con¬ 
texts,  and  liable  to  be  upset  most  unceremoniously  in  new 
contexts.  It  is  instructive  to  review  further  how  efforts 
have  been  made  to  put  one  and  one  together,  how  various 
prescriptions  have  been  formulated  on  the  weakest  of 
foundations,  and  how  the  best  data  gathered  in  the  scien¬ 
tist’s  way  also  lead  to  no  final  dogma. 
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Early  correlations  with  regard  to  human  longevity  are 
reviewed  by  Bacon  in  his  quaint  fashion.  He  gives  the 
edge  to  cold  or  northern  countries,  since  the  “Spirits 
themselves  are  less  eager  to  consume.”  Islands  rather 
than  continents,  because,  again,  they  are  cooler  3  higher 
situations  rather  than  low.  “Marshes  and  fens  are  propi¬ 
tious  to  the  Natives,  and  malignant  to  Strangers”  is  not 
bad  for  a  question  of  immunity,  perhaps. 

There  is  speculation  concerning  the  immediate  condi¬ 
tion  of  the  parents,  as  age  at  the  birth  of  children.  Alas, 
the  fair  in  face,  or  skin,  or  hair,  are  declared  to  have 
shorter  lives  j  the  black,  or  red,  or  freckled,  have  longer 
lives.  Early  gray  hairs  are  no  sure  signs.  Anthropometry 
is  represented  in  detailed  speculations  concerning  the 
dimensions  of  the  body  and  its  parts  in  connection  with 
a  prognosis  of  longevity.  Even  the  dynamics  are  con¬ 
sidered:  “To  be  long  and  slow  in  growing  is  a  sign  of 
long  life.”  Not  an  organ  is  missed. 

Fortunately,  the  times  of  nativity  and  astrology  in 
general  are  dismissed,  although  a  note  is  made  that 
winter  births  are  accounted  the  longer-lived. 

A  favorable  vote  is  cast  for  a  Pythagorical  or  monastic 
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diet,  but  nevertheless  Bacon  applauded  an  old  wit’s  de¬ 
scription  of  how  he  reached  a  century  “by  eating  before 
I  was  hungry,  and  drinking  before  I  was  dry.” 

Religion  and  holy  exercises,  a  life  led  in  good  letters, 
such  as  was  that  of  philosophers,  rhetoricians,  gram¬ 
marians,  are  strongly  commended  for  the  persistent  liver. 

Since  Bacon,  one  might  say,  every  one  of  these  specu¬ 
lations  has  been  revived. 

Some  recur  more  frequently  in  modern  times.  Very 
often  long  trunks  are  correlated  with  longevity.  This  or 
that  something  about  the  eyes,  ears,  and  any  other  or¬ 
gan  may  be  fastened  upon.  Some  correspondences,  as 
those  concerning  the  eyes  when  examined  for  arterial 
degeneration,  are  substantial.  The  failure  to  correlate 
color  of  the  eyes  to  longevity,  does  not  rule  the  eye  out 
as  index.  If  we  knew  more  about  the  eye  sooner  or  later 
we  might  come  to  grips  with  something  about  eyes 
which  does  correlate  with  longevity,  for  eyes  age  too. 
We  seem  to  have  found  something  already. 


VII 

A  FEW  OLD  PRESCRIPTIONS 


The  correlations,  which  are  more  apparent  than  real, 
outgrow  all  reason  when  they  are  transformed  into  pre¬ 
scriptions  for  attaining  old  age  or  for  rejuvenation.  All 
ages  abound  in  these  impatient  prescriptions,  elixirs, 
panaceas,  cures. 

Of  medicines  for  long  life  the  old  prescriptions  con¬ 
stitute  hardly  any  lucky  guesses.  The  chances  were 
against  the  alchemists.  By  contrast.  Bacon,  a  real  early 
man  of  science,  placed  diet  first,  but  followed  it  with 
gold  potions,  pearls  taken  in  a  fine  powder,  other  pre¬ 
cious  stones,  ambergris,  and  a  score  or  so  of  hot  and 
cold  cordials,  which  included  both  nitre  and  orange 
juice.  The  least  harmful,  perhaps,  was  hot  water.  He 
was  not  too  sure  about  the  letting  of  blood.  His  name¬ 
sake,  Roger  Bacon,  also  prescribed  gold,  coral,  vipers, 
rosemary,  lignum  aloes,  and  the  like. 

His  system  of  medicine  reduced  everything  to  three 
intentions:  the  prohibiting  of  consumption,  the  perfect¬ 
ing  of  reparation,  and  the  renewing  of  oldness.  But  ^^see- 
ing  those  things  are  nothing  less  than  words,”  he  deduces 
ten  operations,  among  which  are  such  projects  as  re¬ 
newing  the  vigor  of  the  spirits,  exclusion  of  air,  operat- 
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ing  on  the  blood,  the  juices,  the  bowels,  the  last  act  of 
assimilation,  and  purging  away  the  old  juice  and  supply¬ 
ing  of  new  juice.  The  details  are  very  quaint,  but  the 
philosophical  organization  is  shrewd  and  even  profound. 
The  principal  key  to  wisdom  concerning  the  spirits  seems 
to  be  to  condense  the  spirits  by  opiates,  taken  in  every 
shape  or  manner.  Sleep  is  found  to  be  a  great  healer. 
Bacon  complains  of  lack  of  attention  to  ^Voluntary  and 
procured  Trances,  as  also  fixed  and  profound  Thoughts,’’ 
but  has  no  contribution  of  his  own.  ‘^Envy  is  the  worst 
of  all  passions,  and  feedeth  upon  the  spirits,  and  they 
again  upon  the  bodyj  and  so  much  the  more  because  it 
is  perpetual,  and,  as  it  is  said,  keepeth  no  holidays.” 

The  miscellany  of  bad  guesses — or  are  some  of  them 
in  a  sense  good? — includes  a  recommendation  to  stay 
out  of  the  sun  in  dens  and  caves,  to  seek  mountains  be¬ 
cause  the  sun  beams  are  weak  (!)  (a  good  guess,  per¬ 
haps,  for  a  bad  reason)  anointing  with  oil  to  exclude 
cold  air,  and  (goodness!)  wearing  scarlet  “wascoats” 
next  to  the  skin. 

The  blood  chemistry  is  fantastic.  The  ‘^simples”  fed  to 
the  victims  were  very  complex.  They  might  have  pre¬ 
vented,  however,  a  lack  of  minerals,  and  served  as 
purgatives. 

The  quality  of  the  “Drink,  which  is  the  convoy  of 
the  Meat,”  is  made  much  of.  Ale  gets  its  testimonial. 

We  shall  not  enter  further  into  the  subject,  for  we 
have  said  enough  to  make  the  point  that  the  main  lines 
of  attack  have  all  been  visioned  by  the  time  of  Bacon 
in  a  rudimentary  way: — the  importance  of  diet,  constitu¬ 
tion,  prevention  of  putrefaction,  the  need  for  exercise. 


46  THE  SPAN  OF  LIFE 

the  possibilities  of  rejuvenation. 

There  are  some  curious  proposals  which  exhibit  a  re¬ 
markable  tenaciousness.  Such  is  the  need  expressed  for 
some  sort  of  contact  with  the  young.  The  most  ancient 
variant  of  this  for  old  sages  is  the  tonic  of  breathing  in 
the  breath  of  young  virgins.  Ridiculous,  yet  more  mod¬ 
ern  twists  of  essentially  the  same  idea  involve  transfu¬ 
sions  from  the  young  and  possible  psychic  repair  due  to 
association  with  the  young,  ideas  which  may  not  be  at 
all  empty,  though  very  difficult  of  execution. 

Most  prescriptions,  especially  by  retired  M.D.’s,  still 
have  an  unwelcome  dogmatic  ring.  Tsiearly  all  start  with 
some  far  fetched  metaphysics  and  end  with  mere  physics. 
Remember,  the  holy  water  of  St.  Germain  was  senna. 

One  classic  deserves  honorable  mention, — the  system 
of  Luigi  Cornaro.  This  more  or  less  unfortunate  man 
lived  presumably  between  1464  or  1467  or  1468  and 
1566  on  what  seems  to  be  a  starvation  diet,  in  a  most  de¬ 
termined  effort  to  keep  himself  a  going  concern  for  a 
full  century.  He  was  celebrated  in  his  own  time,  was 
even  painted  by  Tintoretto.  The  story  goes  that  when 
he  was  thirty-five  the  doctors  gave  him  only  two  years. 
It  then  became  incumbent  upon  him  to  outlive  the  doc¬ 
tors  and  his  comforters.  His  stern  regimen  became:  12 
ounces  of  solid  food  and  14  ounces  of  wine  daily,  in  two 
or  four  portions.  Luckily  the  food  was  varied  and  in¬ 
cluded  bread,  mutton  and  partridge.  He  was  never  ill 
except  once  when  he  tried  14  ounces  of  solid  food  and 
16  ounces  of  wine,  and  then  he  nearly  lost  his  life.  The 
man  preached  against  extremes  of  any  kind,  and  surpris¬ 
ingly  practiced  what  he  preached.  Small  wonder  that 
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with  such  scrupulous  eating  the  teeth  were  unchanged  at 
ninety-one!  More  interesting  details  may  be  obtained 
from  Cornaro’s  own  testimony  given  fascinatingly  in  his 
Discorsi  della  Vita  Sobria. 

Cranks  abound.  A  remarkable  fellow  suggests  a  kind 
of  massage  by  rubbing  from  west  to  east  for  profound 
cosmological  reasons.  (Life,  you  see,  is  a  circular  move¬ 
ment  following  the  course  of  the  planets! ) 

Religious  prescription  possibly  is  the  least  dangerous. 
To  feel  the  ^dight  at  evening  time’’  or  to  know  that  it 
^Tingeth  to  evensong”  may  make  aging  more  palatable. 
A  phrase  of  Swedenborg’s  “to  grow  old  in  Heaven  is 
to  grow  young,”  might  fortify  the  soul  and  reassure  it  of 
a  pleasant  after  life,  if  the  soul  belongs  to  a  true  believer. 
The  prescription  sometimes  is  a  wee  bit  too  specific  when 
attendance  at  a  certain  kind  of  church  is  specified.  It  be- 
gins  to  approach  other  proposals,  more  shrewd  than  ele¬ 
vating,  which  describe  themselves  as  “outwitting  old 
age.” 

Mystical  utterances  have  an  exceedingly  soothing 
effect  on  many  personalities.  It  is  sufficient  to  call  the 
brain  “the  vehicle  of  spirit,”  and  the  situation  for  them 
is  quite  transformed  thereby.  The  magic  of  “spirit” 
opens  vistas,  the  greatest  of  which  to  the  religious 
mystic  is  contact  with  God  himself  and  partakes  of  im¬ 
mortality.  The  vaguer  the  better,  because  the  enter¬ 
prise  suggested  is  for  a  finite  spirit  somehow  to  encom¬ 
pass  the  infinite.  Thus  we  become  “immortable,”  in  the 
words  of  a  famous  British  dean, — we  are  capable  of  im¬ 
mortality.  This  athanasia,  or  foregleams  of  immortal¬ 
ity,  is  a  potent  palliative  to  wearied  minds.  God  the 
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artist,  says  another,  will  immortalize  us.  Browning  con¬ 
soles  nobly:  “Life  is  just  a  stuff  to  try  the  souPs  strength 
on,  educe  the  man.” 

There  are  certain  addicts  of  science  who  try  to  solve 
the  problem  of  immortality  at  one  fell  swoop.  They 
replace  the  mysticism  of  religion  by  something  quite  fan¬ 
tastic  in  its  own  way.  They  try  to  make  plausible  an  im¬ 
mortality  founded  on  a  physical  basis.  They  find  it  some¬ 
how  in  the  ether,  in  sentient  atoms,  and  the  like,  which 
even  the  scientist  postulates  to  be  eternal.  Their  argu¬ 
ments,  however,  fall  far  short  of  the  goal,  the  establish¬ 
ment  of  'personal  immortality. 

Another  favorite  pastime  is  proof  of  immortality  by 
mathematics.  An  anonymous  septuagenarian  has  pro¬ 
duced  a  “curve  of  immortality,”  representing  a  mathe¬ 
matical  analogy  of  death  and  the  resurrection.  The 
formula  has  not  been  patented  3  it  may  be  revealed.  It  is 
m^  y^  =  x(x  -  b)  (x  +  c).  It  is  represented  in  Cartesian 
coordinates  by  curves  which  are  closed  for  negative 
values  of  x,  disappear  for  a  while  from  sight,  and  then 
reappear  as  two  infinitely  diverging  curves  for  larger 
values  of  x.  Thus  we  have  the  closed  mortal  part  and 
the  open,  endless  immortal  part,  and  perhaps  another 
demonstration  that  God  is  a  mathematician. 

The  above  rather  seem  like  subterfuges  to  those  of  us 
who  demand  concrete  demonstration  of  some  sort  and  to 
those  who  want  a  richer  interpretation.  And  there  are  in¬ 
deed  many  prophets  who  have  come  with  revelations  of 
immortality.  One  reports  on  his  death  and  revival  in  de¬ 
tail,  and  is  not  at  all  reticent  in  the  manner  of  a  Lazarus. 
He  describes  the  movements  of  his  astral  body,  and  even 
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its  encounters  with  angels  and  evil  spirits.  Theosophy 
is  vindicated  and  our  problem  is  made  complicated, 
since  we  have  to  be  concerned  not  only  with  the  life 
span  of  the  physical  body,  but  also  with  that  of  the  astral 
body  and  the  relations  between  the  two ! 

The  dream  of  rejuvenation  has  taken  many  forms. 
The  beliefs  in  resurrection,  transmigration  of  souls  and 
eternal  life  are  various  expressions  of  this  dream  or  de¬ 
sire.  There  are  many  historic  variants  of  rejuvenation — 
the  Ecpyrosis  of  Herakleitos  and  the  Stoics,  the  Apoca- 
tastasis  of  the  Apostolic  Fathers  and  the  Evangelical 
Orthodox  and  the  pantheistic  mystics,  the  Oriental  story 
of  the  Phoenix  which  rises  from  its  ashes,  the  Teutonic 
myth  of  the  Old  Women’s  Mill,  and  a  large  variety  of 
Fountains  of  Youth. 

Elixirs  know  no  national  boundaries.  The  religion  of 
Tao  had  a  secret  potion  of  Kan-Tan,  which  was  sup¬ 
posed  to  confer  eternal  life.  Count  de  St.  Germaine  had 
something  as  potent.  There  have  been  “celestial  beds,” 
sciences  of  gerocomy  (Boerhave)  based  on  the  supposi¬ 
tion  that  the  old  must  live  in  an  atmosphere  (literally) 
of  youth.  Paracelsus  boasted  that  he  could  make  a  man 
live  four  hundred  years  or  more  if  he  might  bring  him 
up  from  his  infancy,  and  diet  him  as  he  chose.  The  full 
name,  by  the  way,  was  Philippus  Aureolus  Theophrastus 
Paracelsus  Bombastus  ab  Flohenheim,  and  the  man  died 
at  fifty. 

The  astrologist’s  solution  of  the  problem  was  given  by 
Thurneiser  who  in  his  time  was  the  greatest  in  Europe. 
Knowing  the  star  under  which  one  is  born  was  a  great 
advantage.  The  diets  prescribed  were  those  associated 
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with  an  opposite  planet.  The  locations  on  unpromising 
days  could  be  changed  to  those  which  lay  under  the  dis¬ 
position  of  a  friendly  star.  Minor  adjustments  could  be 
readily  made  by  talismans  and  amulets. 

Yet,  in  the  midst  of  these  impatient  solutions  one  won¬ 
ders  whether  patient  science  has  done  better. 


VIII 

THE  SCIENTIST’S  WAY 


What  systematic  scientists  have  done  to  correlate  vari¬ 
ous  bodily  phenomena  with  age  and  longevity  looks 
meager,  but  it  is  at  least  fairly  accurate  and  com¬ 
paratively  free  from  distortion. 

A  methodical  approach  requires  noting  the  multitude 
of  things  that  undergo  a  gradual  or  sudden  variation 
with  age.  In  a  sense  everything  changes.  For  a  scientist 
this  is  altogether  too  qualitative  a  generalization.  It  is 
of  service  only  as  a  guiding  principle,  a  truth  without 
specific  content.  For  any  material  progress  one  needs  a 
knowledge  of  quantitative  variation.  Such  a  knowledge  is 
exceedingly  difficult  to  attain  because  one  must  first  solve 
the  very  difficult  problems  of  settling  what  to  look  for 
and  then  discovering  means  of  making  accurate  observa¬ 
tions,  separating,  discriminating,  and  analyzing.  The 
analyses  must  show  minute  differences.  Besides  there  are 
many  substances  which  escape  analysis  and  yet  are  un¬ 
doubtedly  present.  The  most  embarrassing  element  of 
all,  however,  in  this  strategy  is  the  necessity  of  studying 
the  same  factor  all  over  the  entire  body  and  to  study 
many  bodies  to  allow  for  the  large  variation  amongst 

them.  Furthermore  in  the  case  of  humans  one  can  rarely 
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have  the  luxury  of  operating  or  killing,  and  even  in  the 
case  of  animals  the  mere  act  of  operation  or  killing  may 
ruin  the  significance  of  the  experiment  designed  to  study 
how  a  living y  healthy  body  functions.  This  is  only  a 
slight  indication  of  the  difficulties.  The  professional  re¬ 
searcher  can  list  them  by  the  score. 

Clinical  observations  of  necessity  are  often  very  vague, 
yet  are  always  potentially  of  great  importance.  Some 
day  we  may  expect  the  elucidation  of  data  of  this  sort: 
Jenss  observes  the  variation  of  systolic  blood  pressure  in 
U.S.  Army  officers,  because  they  can  be  followed  up  for 
many  years.  He  collects  a  thousand  cases  or  more,  he 
watches  them  for  a  decade  or  two.  Then  he  studies  the 
data  and  derives  the  cautious  conclusions: 

1 —  In  the  late  twenties  and  early  thirties,  there  is  evi¬ 
dence  of  a  decline  in  the  averages  of  the  mean  systolic 
pressures.  From  this  period  until  the  age  of  45  years, 
there  is  a  very  slight  rise  of  pressure.  After  45,  the 
averages  increase  at  an  accelerated,  and  then  at  a  re¬ 
tarded  rate,  the  maximum  rise  occurring  in  the  early 
fifties. 

2 —  Age  changes  in  the  averages  of  the  mean  systolic 
pressures  are  not  representative  of  all  the  officers.  Some 
individuals  show  an  appreciable  decline  in  pressure  dur¬ 
ing  the  period  of  observation  j  others,  a  corresponding 
rise. 

3 —  Officers  with  an  initial  reading  considerably  above 
the  average,  tend  to  show  a  decrease  in  systolic  pressure 
with  age  and,  conversely,  those  with  a  low  initial  pres¬ 
sure,  an  increase. 

4 —  This  inverse  relationship  between  the  initial  level 
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and  trend  of  systolic  pressure  is  more  marked  in  the 
younger  than  in  the  older  officers. 

What  can  be  built  on  such  conclusions?  Very  little  at 
present.  In  the  future  possibly  a  great  deal  more.  There 
will  be  numerous  similar  studies,  which,  it  is  hoped,  will 
dovetail  into  a  clearer  picture.  The  point  is,  no  scientist 
will  be  satisfied  by  the  merely  qualitative  guiding  princi¬ 
ple  that  blood  pressure  rises  with  age.  He  must  know 
just  how,  and  before  that,  how  much. 

Many  negative  results  are  thus  obtained.  They  too  are 
of  great  potential  value.  When  theory  is  being  forged 
they  too  will  need  explanation.  Thus,  a  group  of  work¬ 
ers  on  the  heart  will  report  that  there  are  no  character¬ 
istic  age-changes  in  the  electrocardiogram  of  the  heart 
in  late  middle  life  [Jensen,  Smith  &  Cartwright,  Am. 
Heart  Journal  Vol.  7,  p.  718  (1932)].  A  good  theory 
of  aging  will  have  to  explain  the  absence  of  this  change 
as  against  the  presence  of  other  changes.  It  is  also  pos¬ 
sible  that  the  electrocardiogram  is  simply  not  delicate 
enough. 

There  is  no  dearth  of  negative  observations  of  this 
sort.  Laborious  measurements  carried  on  for  years  may 
allow  a  scientist  to  make  no  weightier  statement  than 
that  the  weight  of  the  heart  does  not  increase  with  age, 
irrespective  of  the  weight  of  the  body.  He  hardly  seems 
to  pay  attention  to  the  significance.  He  has  his  hands  full 
getting  the  mere  fact. 

Impressive  rolls  of  records  may  lead  a  specialist  in 
the  study  of  the  connection  between  high  blood  pressure 
and  longevity  to  the  conclusion  based  on  the  persistence 
of  exceptions  that  people  with  essential  hypertension  may 
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live  long  lives,  and  that  hence  the  clues  from  high  blood 
pressure  at  least  temporarily  come  to  naught.  Similarly, 
continued  investigation  of  what  seems  to  be  a  well- 
known  fact  that  one  dies  soon  after  coronary  thrombosis, 
reveals  exceptions,  cases  in  which  life  continued  for 
nearly  two  decades  and  the  like.  The  clinical  student’s 
life  is  not  a  happy  one. 

Life  insurance  companies  are  inordinately  interested 
in  such  studies  of  correlation.  They  are,  of  course,  aware 
of  the  pitfalls.  They  expect  to  uncover  a  bit  of  truth  by 
patient  counting  of  cases,  constantly  correcting  observa¬ 
tions,  constantly  re-interpreting.  Typical  topics  from  the 
journals  read:  ^^An  Analysis  of  lOOO  Deaths  from  Pul¬ 
monary  Tuberculosis  Among  Insured  Policy-holders,” 
or  ^^Alcohol  and  Life  Duration,”  or  ^^Athletics  and 
Longevity,”  or  ^^Age  Incidence  Relations  in  Diabetes 
Mellitus.” 

The  first  of  the  articles  mentioned  may  bring  out  only 
one  or  two  facts  of  possible  importance,  as,  for  example 
that  underweight  is  a  bad  sign,  a  poor  prognosis,  and 
that  attention  should  be  given  to  the  family  histories  of 
cases  of  tuberculosis.  As  to  the  effect  of  alcohol,  a  set  of 
conclusions  *  will  read  as  follows: 

1 —  In  a  fairly  large  and  homogeneous  sample  of 
working  class  population  of  Baltimore  the  moderate 
drinking  of  alcoholic  beverages  did  not  shorten  life.  On 
the  contrary  moderate  steady  drinkers  exhibited  some¬ 
what  lower  rates  of  mortality,  and  greater  expectation 
of  life  than  did  abstainers. 

2 —  Those  persons  in  this  experience  who  were  heavy 

*  Given  by  Raymond  Pearl. 
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drinkers  of  alcoholic  beverages  exhibited  considerably 
increased  rates  of  mortality  and  diminished  longevity, 
as  compared  with  abstainers  or  moderate  drinkers. 

3 —  If  both  moderate  drinkers  and  heavy  drinkers  in 
this  sample  of  the  population  are  pooled  together  and 
the  resulting  heterogeneous  group  is  compared  with  ab¬ 
stainers,  the  drinkers,  as  a  class,  have  higher  rates  of 
mortality  and  lower  expectation  of  life  than  the  abstain¬ 
ers  as  a  class. 

4 —  Experiments  by  various  workers,  on  such  different 
forms  of  life  as  guinea  pigs,  fowls,  rats,  mice,  rabbits, 
frogs,  and  insects,  agree  in  showing  a  beneficial  effect  of 
alcohol  upon  the  race.  This  beneficial  effect  appears  to 
be  produced  chiefly  as  a  result  of  the  remarkably  sharp 
and  precise  selective  action  of  this  agent  upon  germ 
cells  and  developing  embryos,  killing  off  the  weak  and 
defective  and  leaving  the  strong  and  sound  to  survive 
and  perpetuate  the  race.  The  notion  that  parental  alco¬ 
holism  tends  to  cause  the  production  of  weak,  defective, 
or  monstrous  progeny  is  not  supported  by  the  extensive 
body  of  experimental  work  which  has  been  done  on  the 
problem,  and  it  would  be  hard  to  get  the  scientist  to 
change  a  word  to  affect  the  meaning  one  way  or  another, 
unless  he  gets  new  facts. 

A  prolonged  study  on  athletics  and  longevity  may 
terminate  in  only  a  weak  suspicion  about  the  bad  effects 
of  strains  in  rowing.  Cricket  may  get  a  temporary  white¬ 
washing,  as  in  the  case  of  a  British  study  which  estab¬ 
lished  a  higher  longevity  for  cricketers,  provided  they 
are  ^Trst-class.” 

The  results  of  an  investigation  of  age  incidence  rela- 
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tions  in  diabetes  are  worth  reading  for  illustration: — 

1 —  Mortality  data  indicate  that  chances  of  eventual 
death  from  diabetes  rise  to  a  maximum  at  age  of  50  for 
both  sexes,  whereas  maximum  chances  of  eventual  on¬ 
set  are  had  at  age  5. 

2 —  Chances  of  eventual  death  from  diabetes  begin  to 
decline  rapidly  at  age  of  sixty.  A  similar  rapid  decline 
in  onset  chances  set  in  at  about  age  forty. 

In  the  matter  of  age  incidence  some  investigations, 
no  doubt,  may  be  of  great  theoretical  interest.  Thus, 
age  incidence  of  arterial  hypertension  should  be  studied 
carefully.  It  probably  correlates  with  definite  physio¬ 
logical  changes  as,  for  example,  the  involution  of  the 
glands.  For  such  reasons,  findings,  like  those  made  at  the 
Boston  City  Hospital,  are  needed.  There  they  found 
a  steep  rise  in  the  age  incidence  curve,  for  men  at  fifty  to 
fifty-four  years,  for  women  at  forty-five  to  forty-nine 
years.  Yet,  it  must  be  remarked,  women  are  longer- 
lived. 

Scores  of  age  incidence  studies  can  be  discussed  with 
profit.  In  a  popular  work  their  trend  can  be  shown,  at 
least,  by  a  further  citation  of  topics:  ^^Age  incidence  of 
specific  types  of  respiratory  attacks  during  epidemic  and 
non-epidemic  periods,’’  “Response  to  carotid  sinus  pres¬ 
sure  at  various  ages  and  heart  rates  and  rhythms,”  “Age, 
sex  and  seasonal  incidence  of  certain  diseases  in  chil¬ 
dren,”  “Contour  of  chest  in  children  according  to  age,” 
“Cerebrospinal  hydrodynamics,  correlations  of  pressure 
of  cerebrospinal  fluid  with  age,  blood  pressure,  and 
pressure  sensibility,”  “Age  distribution  of  tuberculous 
meningitis  in  children,”  “Manic  depressive  psychosis  3 
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sex  distribution  and  age  incidence  of  first  attacks,”  “Epi¬ 
demiology  of  diphtheria  in  relation  to  active  immuni¬ 
zation  of  certain  age  groups,”  “Age  distribution  in 
milk-borne  outbreaks  of  scarlet  fever  and  diphtheria.” 
Enough  has  been  given  to  suggest  the  complexity  of 
material  and  the  variety  of  attacks. 

There  is  no  use  insisting  that  these  studies  cannot  be 
very  thorough  or  complete.  A  beginning  has  to  be 
made  somewhere.  It  is  fortunate,  on  the  whole,  that 
there  are  so  many  investigators  who  are  willing  to  take 
the  trouble  to  sift  masses  of  loosely  taken  data,  to  pub¬ 
lish  tentative  conclusions,  and  to  get  roundly  scolded  by 
their  colleagues,  who,  however,  try  to  outdo  them  in 
a  similar  publication  written  according  to  their  rights. 
The  methods  and  observations  improve  gradually  in 
this  buffeting  of  opinion,  till  something  of  possible  theo¬ 
retical  and  practical  value  comes  in  sight. 

There  are  correlations  which  are  undoubtedly  im¬ 
portant,  yet  they  require  prolonged  efforts  to  be  worthy 
of  scientific  status.  Such  are  the  ones  dealing  with  basal 
metabolism,  or  the  rate  of  living.  Here,  too,  qualitative 
change  is  established.  Quantitative  changes  are  hard  to 
follow  on  account  of  variations  of  types  and  the  neces¬ 
sity  of  following  up  the  same  people  for  decades.  De¬ 
creases  in  metabolic  rate  may  be  masked  by  increase  in 
body  weight,  and  similar  complications  may  arise  in 
almost  any  case. 

Methods  are  sorely  needed.  Someone  finds  a  way  of 
measuring  the  arterial  elasticity  by  registering  the  speed 
of  pulse  waves.  Another  man,  or  the  same  man,  may 
then  continue  to  study  the  variation  of  this  pulse  wave 
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with  age.  We  cite  Hallock’s  work  which  shows: 

1 —  There  is  a  progressive  increase  of  the  velocities  of 
the  aortic  and  radial  pulse  waves  (arterial  rigidity)  with 
age,  from  a  value  of  4.  i  meters  per  second  in  midchild¬ 
hood  to  5.2  meters  per  second  at  twenty-two  years  of  age 
and  to  10.5  meters  per  second  at  sixty-five  years  of  age 
for  aortic  velocity,  and  in  the  brachial-radial  vessels  in 
midchildhood  from  a  value  of  5.1  meters  per  second  to 
6.3  meters  per  second  at  twenty-two  years  of  age  and 
to  9.6  meters  per  second  at  sixty-five  years  of  age. 

2 —  The  velocity  of  the  aortic  pulse  wave  in  males  ex¬ 
ceeds  the  velocity  of  the  aortic  pulse  wave  in  females, 
except  in  the  age  period  between  fifteen  and  nineteen 
years. 

There  is  always  something  of  this  kind  for  scientists  to 
do  with  instruments  in  the  hope  that  an  important  clue 
will  emerge. 

Relatively  ^^safe’’  investigations,  which,  nevertheless, 
contribute  their  bit,  are  those  which  seize  upon  specific 
chemical  and  biological  tests  and  apply  them  to  people 
of  various  ages.  Thus,  it  has  been  found  that  the  ab¬ 
normal  lowering  of  the  carbohydrate  metabolism  is  a 
common  complication  of  old  age.  To  be  technical,  call 
it  ^Typerglycemia.”  If  the  patient  has  cataract  of  the 
eye,  it  is  possible  that  control  of  the  blood  sugar  by  diet 
may  be  of  some  benefit. 

A  set  of  investigators  so-minded,  might  decide  to 
study  the  variation  of  calcium  in  the  blood  serum  with 
age.  Some  of  them  have  found  that: 

Calcium  content  definitely  decreases  with  age. 

In  women — from  ii.Smg  at  age  of  twelve  to  9.7mg 
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at  age  of  seventy-eight. 

In  men — from  i  i.6mg  at  age  of  twelve  to  lO.omg  at 
age  of  seventy-eight. 

There  is  no  statistically  significant  difference  in  the 
mean  calcium  content  or  in  the  intensity  of  correlation 
of  calcium  content  with  age,  in  the  two  sexes. 

Another  importantly  varying  factor  with  age  is  gastric 
acidity.  An  analysis  of  several  thousand  cases  is  given: — 
^^At  the  age  of  sixty  years,  28  women  in  lOO  (in  our 
series)  failed  to  show  free  acid  on  repeated  fractional 
analysis,  and  similarly,  23  men  in  lOO  were  achlorhyd- 
riac.’^ 

We  can  now  say  that  modal  free  acidity  for  men 
ranges  between  45  and  50  units  in  the  years  from  twenty 
to  forty.  After  this  it  falls  off  rapidly  to  a  level  from  30 
to  35  units  in  the  aged.  The  mode  for  women  is  approxi¬ 
mately  35  units  throughout  adult  life.  It  appears  to  fall 
off  slightly  after  the  age  of  sixty  years.  The  normal 
range  of  free  acidity  in  both  men  and  women  is  about 
90  units. 

In  both  sexes  the  combined  acidity  appears  to  vary 
but  little  from  youth  to  old  age.  90  per  cent  of  the  data 
lay  between  limits  of  12  and  22  units  with  a  mode  at  17 
units. 

Rather  fruitful  studies  may  be  based  on  anatomical 
and  pathological  observations.  We  cite  one  on  the  rela¬ 
tionship  between  anatomic  changes  in  knee  joint  with  ad¬ 
vancing  age  and  degenerative  arthritis. 

In  a  study  of  lOO  knee  joints  from  77  consecutive  pa¬ 
tients  who  died  of  various  diseases  the  following  facts 
were  determined. 


6o 


THE  SPAN  OF  LIFE 


1 —  Anatomic  changes  were  noted  with  increasing  fre¬ 
quency  with  advancing  age. 

2 —  The  patella  showed  alterations  in  8i  per  cent  of 
the  cases,  the  interpatellar  groove  in  65  per  cent,  the 
lateral  condyle  of  the  tibia  in  64  per  cent,  the  medial 
condyle  of  the  tibia  in  55  per  cent,  the  medial  condyle  of 
the  femur  in  43  per  cent,  and  the  lateral  condyle  in  36 
per  cent. 

3 —  The  erosions  were  commonest  over  the  areas  of 
contact  which  were  subjected  to  the  greatest  movement, 
strain,  weight-bearing  and  injury. 

4 —  The  changes  were  identical  in  males  and  females, 
and  there  was  no  relationship  between  the  extent  of  the 
lesions  in  the  joints  and  the  symptoms  referable  to  the 
joints. 

5 —  No  correlation  between  lesions. 

6 —  Various  factors  are  discussed.  They  include,  aging 
of  tissue,  wear  and  tear,  strain,  trauma,  occupation  and 
static  deformities. 

In  an  Italian  investigation  on  the  structural  trans¬ 
formation  of  the  thyroid  in  old  age  and  their  functional 
interpretation  we  find  the  following:  From  histological 
researches  carried  out  on  the  thyroid  glands  of  50  aged 
subjects  it  was  found  that  this  gland  in  old  age  under¬ 
goes  profound  structural  modifications.  These  include 
reduction  of  follicles,  diminution  of  the  colloid  material 
and  hypertrophy  of  the  epithelium.  These  transforma¬ 
tions  are  indicative  of  hyperfunction.  The  augmented 
thyroid  secretion  is  regarded  as  a  phenomenon  of  com¬ 
pensation  for  the  senile  decline  of  metabolism. 

A  question  of  no  idle  interest  is  the  connection  be- 
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tween  longevity  and  genius.  The  latter  term  is  exceed¬ 
ingly  vague.  A  reasonable  turn  was  given  to  the  problem 
by  Prof.  Cattell  in  a  study  made  in  1903  on  one  thou¬ 
sand  very  eminent  men  within  the  range  of  historic  time. 
One  or  two  were  undoubtedly  centenarians  or  near  cen¬ 
tenarians  (Fontenelle,  and  perhaps  Sadi,  the  Persian 
poet,  and  Democritus  j  certainly  Titian,  and  perhaps 
Isocrates,  the  Athenian  orator).  There  were  nineteen 
nonogenarians,  one  hundred  and  eleven  octogenarians, 
two  hundred  and  fifty-four  septuagenarians.  A  seem¬ 
ingly  easy  victory  for  the  geniuses  with  an  average  of 
64.28  years  as  against  about  thirty-four  for  the  average 
age  at  death  of  the  inhabitants  of  Europe  at  the  time, 
given  by  the  Encyclopoedia  Britannica. 

Beyond  this  fact  the  statistics  may  be  said  to  be  pleas¬ 
ant,  but  hardly  convincing  or  likely  to  be  sadly  misin¬ 
terpreted  when  applied  outside  of  the  ranks  of  the 
geniuses.  The  physicians  amongst  the  eminent  lights 
died  at  the  average  age  of  70.41  years,  then  came  the 
historians  and  scientists  quite  close  behind,  then  states¬ 
men,  orators  3  writers  generally,  religious  celebrities, 
painters  and  sculptors  and  philosophers  about  five  years 
behind  the  best  records,  composers  and  musicians  not  far 
behind,  military  and  naval  heroes,  novelists,  poets,  and 
last,  kings  and  rulers,  at  the  average  age  of  58.55  years. 

High  values  are  given  for  the  centuries  before  Christ, 
indicating  to  the  present  writer  dubious  statistics.  Never¬ 
theless  a  drop  is  indicated  after  the  seventeenth  century 
which  may  have  something  genuine  to  it. 

A  similar  study  on  women  of  genius  by  Mrs.  Cora 
Castle  corroborates  Prof.  CattelPs  data  even  as  to  the 
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more  dubious  details. 

The  temptation  to  discuss  nationalities  was  not  re¬ 
sisted.  The  order  of  the  longevities  was  American,  Ger¬ 
man,  French,  with  the  Italians  in  last  place. 

Whatever  all  this  may  mean  it  seems  Lombroso  was 
not  right,  in  his  work  upon  The  Man  of  Genius  in  re¬ 
ferring  to  ^^the  remarkable  longevity  of  men  of  genius 
in  spite  of  their  hyperaesthesia  in  other  directions,”  while 
Galton,  in  his  Hereditary  Genius  was  playing  safe  in  di¬ 
viding  geniuses  into  two  classes,  a  large  one  that  lives 
very  long  and  a  smaller  one  destined  to  early  death. 

It  is  only  fair  to  mention  the  fact  that  Havelock  Ellis 
has  waved  all  this  aside  with  the  keen  remark  that 
“eminent  men  must  live  a  long  time  or  they  will  never 
become  eminent.”  Cattell,  however,  pointed  out  that 
eminence  is  attained  at  about  the  age  of  fifty.  More 
damaging  is  the  life-expectancy  of  men  in  American  life- 
expectancy  tables  for  1913  (an  expectancy  at  fifty  of 
living  to  70.91).  When  compared  to  the  data  on  the 
geniuses,  it  turns  the  tide  against  the  geniuses,  at  least 
making  them  quite  mediocre  as  to  longevity.  And  so  the 
debate  will  continue,  with  the  debaters  stopping  off  to 
give  the  vantage  now  to  the  taller,  now  to  the  medium  j 
now  to  black  eyes,  now  to  grayj  now  to  weak  chins,  now 
to  deep-set  eyes,  now  to  the  hook-nosed,  now  to  the  black 
haired,  and  so  on  and  on. 

The  scientist’s  way  is  to  seek  correlations  in  any  and 
every  detail. 
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Correlation  work  with  human  beings  is  often  occa¬ 
sional.  One  must  wait  a  long  time  to  find  a  woman  of 
one  hundred  and  six  whose  basal  metabolism  could  be 
measured.  If  one  turns  to  animal  studies  much  better 
arrangements  can  be  made.  There  is  always  the  pos¬ 
sible  criticism  that  the  animal  chosen  does  not  repre¬ 
sent,  an  accurate  parallel  to  human  beings.  Still,  in  the 
strategy  of  research  such  a  retreat  is  frequently  indi¬ 
cated.  Otherwise  one  might  be  struggling  with  vague 
data  indefinitely.  As  a  matter  of  fact,  even  on  the  ques¬ 
tion  of  the  basal  metabolism  of  the  rat,  in  spite  of  the 
simplification  of  the  experiments  relative  to  the  human 
being,  the  results  are  inconclusive.  Some  meagre  gen¬ 
eralization,  as  that  the  basal  metabolism  remains  at  a 
constant  level  in  the  second  and  third  years,  or  that  the 
level  of  the  males  is  higher  than  that  of  the  females, 
can  be  drawn  for  the  time  being. 

Some  pathological  investigations  terminate  in  no  par¬ 
ticular  conclusion  where  an  age  differentiation  would  be 
of  great  interest.  Tilney,  a  great  authority  on  the  brain, 
has  asked:  “Who  has  ever  seen  a  strictly  old  brain? 

What  does  it  look  like?’’  It  might  be  a  mistake  to  cor- 
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relate  diseases  of  the  brain  with  the  aging  process  di¬ 
rectly.  The  wasting  of  the  brain,  found  mostly  in  the 
anterior  two-thirds  of  the  organ,  and  the  various  states, 
like  the  “worm-eaten’^  state  occurring  in  the  gray  mat¬ 
ter  of  the  cortex,  particularly  in  the  temporal  and  orbital 
lobes,  may  be  results  of  disease.  The  so  called  “senile 
plaque”  may  be  questioned,  too.  The  disease  of  progeria 
can  reproduce  this  too  with  its  uncanny  process  of  swift 
aging.  It  appears  in  early  infancy.  It  rapidly  produces 
senile  decrepitude  before  the  child  has  had  an  oppor¬ 
tunity  to  pass  through  early  youth.  Every  organ  and 
tissue  of  the  body  at  length  manifests  the  signs  of  ex¬ 
treme  old  age.  Progeria  may  be  somewhat  delayed  in 
its  first  appearance,  sometimes  beginning  as  late  as  the 
first  or  second  decade  of  life. 

It  is  very  difficult,  therefore,  to  be  certain  that  one  is 
following  a  strict  variation  with  age.  The  technique 
adopted  as  a  safeguard  is  an  effort  to  eliminate  cases 
where  disease  is  detectable,  an  effort  to  set  up  standards 
for  “normals.”  If  an  investigator  is  studying  the  con¬ 
nection  between  age  and  vibratory  sensibility,  a  device 
of  the  psychologists  and  neurologists,  surely  he  must 
eliminate  at  first  all  cases  showing  signs  of  organic  dis¬ 
ease  of  the  nervous  system.  Only  after  such  precautions 
can  a  conclusion  be  made,  for  example,  that  a  striking 
decrease  of  sensibility  occurs  after  the  age  of  fifty  and 
then  gets  worse  and  worse,  lending  some  plausibility  to 
connecting  the  result  with  the  diminishing  of  blood 
supply  as  a  consequence  of  generalized  arteriosclerosis 
that  occurs  within  the  age  range  studied. 

Not  a  few  correlations  are  blocked  by  the  difficulty  of 
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getting  truthful  data.  How  far  can  one  trust  a  study  of 
the  sexual  life  of  man  and  its  relation  to  longevity?  One 
might  trust  the  observation  that  eunuchs  rarely  live 
above  65.  The  evidence  there  is  involuntary,  and  the 
observation  is  as  unbiased  as  the  one  that  a  stallion  out¬ 
lives  a  gelding.  Otherwise  the  data  must  be  rather  im¬ 
pressionistic  for  psychological  reasons. 

A  few  observations  of  this  kind  on  animals  may  be  in 
place.  Slonaker  has  studied  the  effect  of  different  amount 
of  sexual  indulgence  in  the  albino  rat.  In  a  group  of  126, 
the  life  span  was  rather  irregular.  In  general,  normal 
reproduction  was  more  favorable  to  longevity  of  both 
the  female  and  the  male  than  chastity.  Excessive  sexual 
indulgence  without  bearing  young  tended  to  shorten 
the  life  span  of  both  female  and  male  rats.  The  females 
were  more  affected  than  the  males. 

Safer  and  saner  experiments  on  animals  are  the  kind 
that  introduce  a  drastic  and  decisive  factor  directly.  An¬ 
other  research  by  Slonaker,  for  example,  on  the  effect 
of  excision  of  different  sexual  organs  on  the  develop¬ 
ment,  growth  and  longevity  of  albino  rats  showed:  The 
average  life  span  in  days  from  longest  to  shortest  in  the 
males  was:  normals,  788  j  castrated,  770 j  vasectomized, 
685.  For  the  females  it  was  normals,  863^  hysterecto¬ 
mized,  855  j  ovariectomized,  755. 

The  literature  of  research  is  full  of  efforts  to  correlate 
phenomena  with  aging. 

An  obvious  thing  is  the  mere  analysis  of  organs  taken 
from  animals  at  different  ages.  Thus,  some  investigators 
(e.  g.  Underhill  and  Peterman,  1929)  have  studied  the 
relation  of  age  to  the  amount  of  aluminum  in  the  tissue 
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of  dogs.  Embryos  show  very  little,  puppies  more,  so 
that  after  5  days  their  lungs  show  a  detectable  amount. 
As  the  animals  grow  older  the  amount  of  aluminum  in¬ 
creases,  till  in  old  dogs  the  lungs  are  very  rich  in  the 
compounds  of  that  metal.  Would  that  apply  to  humans 
who  consume  so  much  aluminum? 

Some  investigators  (e.  g.  Zondek  and  Karp)  studied 
the  distribution  and  variation  of  iron  in  the  case  of  rats, 
guinea  pigs,  rabbits,  cats  and  dogs.  They  found  that  the 
iron  content  of  the  epithelial  organs  is  constant,  but  that 
at  a  definite  period  of  life  and  within  a  short  time  the 
iron  content  of  these  organs  is  increased  up  to  200  per 
cent,  and  from  then  on  remains  constant  till  death.  The 
newly  acquired  iron  is  in  a  form  different  from  that 
already  present  in  the  cell.  Aging,  then,  would  be  cor¬ 
related  with  the  appearance  of  these  new  iron  com¬ 
pounds.  There  are  some  interesting  possibilities  in  the 
further  observation  that  the  longer  the  life  period  of  the 
animal,  the  later  does  the  increase  occur.— We  wonder 
whether  in  human  beings  an  analogy,  and  therefrom  an 
estimate  of  the  life  span  could  be  set  up. — The  middle 
period  of  life  is  the  period  in  which  this  iron  increases. 
The  observers  insist,  furthermore,  that  the  iron  content 
of  the  young  animals  is  so  constant  and  its  increase  at  a 
definite  period  is  so  regular  that  from  the  iron  content 
of  the  organs  of  the  animal,  especially  the  kidneys  and 
the  testis,  it  is  possible  to  determine  the  age  group  of 
the  animal  from  which  the  tissue  has  been  taken.  The 
cells  of  epithelial  organs  having  a  high  iron  content  can 
be  considered  as  in  the  decline  of  life. 

There  is  no  end  of  violence  which  can  be  done  to  the 
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white  rat  to  prove  the  necessity  of  this  or  that  organ  for 
longevity,  e.  g.  the  suprarenals.  A  similar  technique  is 
involved  in  feeding  the  poor  things  all  sorts  of  defective 
diets,  e.  g.  to  show  that  partial  depletion  of  vitamin  C 
might  cut  down  survival  time  by  50  per  cent  when  the 
rats  are  further  inoculated  with  diphtheria  toxin. 

All  kinds  of  susceptibilities  vary  v/ith  age.  Rabbits 
may  succumb,  for  example,  more  readily  to  scarlet  fever 
toxins  as  they  grow  older  j  rats  may  be  about  equally  sus¬ 
ceptible  to  vitamin  G  deficiency  in  their  diets  at  all  ages, 
showing,  perhaps,  a  greater  tendency  to  shed  their  hair 
in  youth  j  dogs  show  less  permeability  of  the  enamel  of 
their  teeth  as  they  grow  older  and  become  more  sus¬ 
ceptible  to  troubles  arising  therefrom. 

The  animal  is  ideal  for  general  investigations  of  a 
less  ambitious  order  in  which  single  factors  are  fol¬ 
lowed.  This  type  of  approach  is  represented  by  investi¬ 
gations  of  the  changes  in  hemoglobin  concentration  of 
the  blood  of  growing  rats,  by  blood  counts  at  all  ages  of 
large,  inbred  colonies  j  by  nitrogen,  phosphorus,  choles¬ 
terol  determinations  j  by  any  chemical  tests,  producing  a 
veritable  forest  of  data  for  a  century  of  research. 

There  are  few  conclusions  to  be  drawn  from  correla¬ 
tions.  How  few  we  shall  see  further  on  when  we  discuss 
them  from  specific  points  of  view.  The  first  thing  that 
stands  out  from  even  a  cursory  inspection  is  that  every¬ 
thing  is  grist  for  that  mill  3  the  second,  is  that  the  mmst 
tempting  thing  in  this  field  is  to  torture  a  coincidence 
till  it  screams  for  removal.  The  survival  rate  of  the  coin¬ 
cidences  is  not  very  high  and  very  few  of  them  can  en¬ 
joy  a  long  life  span  of  their  own  in  the  midst  of  scientific 
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progress.  Their  chance  for  a  kind  of  immortality  is  to 
become  highly-rated,  tested  correlations,  and  to  gain 
admission  to  a  place  of  honor  in  a  theory  of  senescence  or 
rejuvenescence.  In  that  limbo  they  may  outlive  the 
theory  that  harbors  them  and  may  some  day  enter  the 
heaven  of  an  established  doctrine.  Only  then  may  they 
serve  as  a  genuine  basis  for  prognostications. 


X 

PR  O  GNOSTIC  A  TIONS 


Prognostications  of  longevity  made  directly  on  the 
basis  of  a  correlation  without  regard  to  understanding  or 
theory,  tend  to  be  as  ludicrous  in  a  modern  form  as  in  the 
old  style  guesses.  Medical  journals  actually  carry  pa¬ 
pers  on  the  prognosis  of  the  duration  of  life  on  the 
basis  of  handwriting,  vaguely  visioned  as  a  reflection  of 
the  senile  degeneration  of  the  patient.  It  can  be  made 
to  sound  ever  so  learned  by  reference  to  loss  of  reflexes 
with  increasing  age  and  what  not  with  regard  to  the 
diseases  of  the  aged.  Yet  conviction  is  heard  to  attain. 
If  palmistry  and  such  techniques  are  ever  to  be  used,  the 
correlations  will  have  to  be  much  more  profound  than 
the  ones  we  have  available. 

Even  the  most  careful  statistical  estimates  made  in 
life  insurance  studies  must  not  be  used  indiscriminately 
against  or  for  individuals.  They  might  be  applied  only 
if  the  entire  statistical  spread  is  given.  An  expectation  of 
five  years  survival  after  the  onset  of  some  disease  might 
be  the  average  of  4’s  and  6’s  or  it  might  be  the  average 
of  zero’s  and  lo’s.  One  cannot  and  must  not  be  too 
specific.  In  our  general  expectancy  we  know  of  the  com¬ 
ing  of  the  ^‘deadly  sixties,”  yet  we  would  be  quite  stupid 
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in  throwing  all  care  away  before  that  or  in  planning  the 
terminus  of  our  lives  at  that  time.  The  laws  have  no 
legislative  power  or  any  other  pow*er  of  so  sharp  a 
character.  The  generalizations  concerning  the  life  ex¬ 
pectancy  of  those  who  have  or  have  had  diseases,  as 
syphilis,  tuberculosis  and  the  like,  or  have  become  obese 
or  suffer  from  arthritis,  asthma,  arteriosclerosis,  are 
prone  to  great  abuse.  The  chances  for  more  complete 
cures  and  the  discovery  of  added  safeguards  are  quite 
good.  The  prognostications  of  yesterday  will  probably 
not  apply  tomorrow.  Such  data  have  a  way  of  changing 
under  our  very  noses  because  of  some  change  of  life, 
not  to  speak  of  a  medical  advance.  Why,  then,  press 
them  to  the  point  of  panic,  as  one  often  sees  it  done? 


II 

Wxt  portrait  of  ©Id  Slgt 


Kelne  Kunst  ist’s,  alt  zu  werden, 
Es  ist  Kunst,  es  zu  ertragen. 

Goethe 


I 

FACTS,  SYMPATHIES  AND  WARNINGS 


A  PORTRAIT  of  old  age  must  be  drawn  sympathetically. 
Old  age  must  be  presented  as  a  natural  phenomenon. 
Such  is  the  opinion  of  a  large  school  of  thinkers.  They 
may  be  called  the  Inevitabilists.  Their  belief  arises 
from  a  general  atmosphere  of  determinism.  It  is  the 
atmosphere  of  the  last  century  par  excellence,  from 
which  we  have  been  emerging  only  very  slowly  in  the 
twentieth.  The  determination  may  be  twofold.  It  may  be 
purely  causal,  and  causally  of  the  mechanical  variety  3  or 
it  may  be  purely  purposive,  and  purposively  of  the 
mechanical  variety.  Whether  one  believes  in  a  push  from 
behind  or  a  pull  from  the  front,  one  is  a  determinist  and 
a  kind  of  mechanist  into  the  bargain.  To  such  a  thinker 
the  process  of  life  is  set  in  every  respect,  and  incidentally 
with  respect  to  the  span.  Everything  is  either  according 
to  a  program  that  could  have  been  predicted  from  the 
first  number  or  according  to  a  program  in  which  the 
last  number  determines  the  entire  course  from  the  first 
onward. 

The  portrait  of  old  age  must  be  drawn  as  a  warning. 
Old  age  must  be  presented  as  a  disease.  Such  is  the  opin¬ 
ion  of  a  rebellious  school  of  thought.  They  may  be  called 
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the  Indeterminists.  Their  belief  arises  from  a  general 
atmosphere  of  the  power  of  science  to  alter  old  patterns 
in  the  most  unexpected  manner.  It  is  the  atmosphere 
set  by  the  progress  of  modern  mathematical  physics,  in 
its  left  wing  section  of  quantum  theory  or  wave  me¬ 
chanics.  It  denies  pure  causality  of  any  kind.  Its  guiding 
principle  is  a  kind  of  looseness  not  only  in  our  knowl¬ 
edge  but  actually  in  the  very  constitution  of  things. 
Even  if  one  speaks  of  mechanisms  or  adjustments,  one 
is  an  indeterminist  and  at  most  a  materialistic  experi¬ 
mentalist,  no  more.  To  such  a  thinker  the  process  of  life 
is  ready  for  any  kind  of  variability,  a  variability  which 
may  extend  to  the  very  life  span.  Nothing  is  according 
to  a  completed  program  with  a  sharp  opening  and  an 
encoreless  finale. 

With  respect  to  the  specific  facts  the  portrait  is  the 
same  for  both  kinds  of  interpreters.  Whether  Nature  or 
disease  (accident)  has  set  the  scene,  its  principal  out¬ 
lines  are  about  the  same.  Whether  it  is  avoidable  or  un¬ 
avoidable,  one  can  say  ^Tere  is  senility,  see  how  it  differs 
from  youth.’’  Indeed  there  are  more  antiquated  points 
of  view  that  can  be  taken.  The  ancients  have  seen  old 
age  and  death  as  a  grewsome  trick  by  a  malevolent 
demon,  as  a  bit  of  sorcery,  as  a  punishment  by  a  magical 
power  j  yet  have  they  seen  with  their  limited  means  es¬ 
sentially  the  same  picture.  We  may  undertake  to  see  it 
in  greater  detail,  with  the  microscopic  techniques  of  sci¬ 
ence,  invented  by  competing  theorists.  Scientific  honesty 
would  require  a  presentation  of  all  facts  in  a  fashion  in¬ 
different  to  theory.  This  same  scientific  honesty,  how¬ 
ever,  is  an  almost  unapproachable  ideal.  Hence  it  were 
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better  to  keep  the  conflict  between  the  two  points  of 
view  in  mind  in  reading  the  “facts’’  that  follow. 

The  classifications  of  the  ages  of  man  are  numerous 
indeed.  The  terms  are  sometimes  perplexing.  One  reads 
of  a  “green  old  age.”  What  may  that  be?  An  inde¬ 
terminacy  occurs  at  the  very  start  in  the  terminology. 
We  give  two  tables,  for  contrast  and  for  instruction: 

Chinese  Division  of  Life— Sir  J.  Bowring 


Journal  of  Statist.  Soc.y  vol.  xx,  p.  42 

Age 

10  is  called  Opening  degree. 

20“ 

Youth  expired. 

30“ 

cc 

Strength  and  marriage. 

40  “ 

Officially  apt. 

50  “ 

(C 

Error  knowing. 

60 

cc 

Cycle  closing. 

70“ 

cc 

Rare  bird  of  age. 

80 

cc 

Rusty  visage. 

90 

cc 

Delayed. 

100  “ 

cc 

Age’s  extremity. 

Flouren’s  Division  of  Life 

Age 

I-IO 

is 

called  Infancy. 

10-20 

cc 

“  Adolescence. 

20-30 

cc 

“  First  youth. 

30-40 

cc 

“  Second  youth. 

40-55 

cc 

“  First  manhood. 

55-70 

cc 

“  Second  manhood. 

70-85 

cc 

“  First  old  age. 

85-100 

cc 

“  Second  and  last  old  age. 
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That  the  old  stoop  and  grow  shorter  in  stature  is  a 
ready  first  observation.  Their  shuffling  progress  is  a  sub¬ 
ject  for  mockery.  The  elastic  step  of  the  young  is  im¬ 
patient  of  old  flat-footedness  and  slowness  of  response. 
The  entire  contour  of  the  body  is  affected.  Men  look 
less  male,  women  look  less  feminine.  There  seems  to  be 
a  development  of  a  pouch  in  most  cases,  resembling  the 
protruding  belly  of  children,  suggesting  a  sexual  neu¬ 
trality.  On  the  other  hand  there  are  painfully  shrivelled 
old  men  and  women,  showing  more  clearly  a  shrinking 
and  drying  out  of  organs.  In  all,  however,  the  muscles 
lose  in  power  and  the  movements  are  coordinated  in  an 
inferior  manner.  Anatomical  atrophy  goes  hand  in  hand 
with  physiological  deterioration. 

The  senses  become  impaired  in  various  degrees.  Sad¬ 
dest  of  all  is  the  impairment  of  mental  power,  a  loss  of 
memory,  less  mental  activity  in  itself,  and  a  general 
unreceptivity  to  change,  whether  it  involves  assimilating 
new  ideas  or  merely  grasping  them. 

There  are  numerous  symptoms  usually  attributed  to 
old  age,  which  are  not  necessarily  unique.  Thus,  insom¬ 
nia,  which  is  a  frequent  source  of  complaint,  may  not  be 
due  to  age  in  itself,  and  may  even  be  imagined  (as  hu¬ 
morists  have  often  pointed  out).  It  is  the  by-product,  in 
the  aged  as  well  as  in  the  young,  of  neuroses  and  other 
nervous  diseases,  pain,  fever,  toxemia,  gastric  disorder, 
heart  disease,  dyspnoea,  or  cerebral  hyperaemia. 

The  old  man’s  winter-cough  (chronic  hypertrophic 
bronchial  catarrh)  is  a  constant  nuisance  to  himself  and 
others.  There  is  no  fever,  pain  or  symptoms  of  great 
distress.  Cough  and  expectoration  follow  every  draft  and 
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every  change  of  temperature. 

Other  diseased  conditions  attributed  more  commonly 
to  age  are:  arteriosclerosis,  senile  tremor,  senile  demen¬ 
tia,  waning  sexual  powers,  physical  debility,  sallowness 
due  to  a  deficiency  of  hemoglobin,  and  senile  kidney, 
senile  liver,  senile  gastric  catarrh  and  many  troubles  with 
the  word  “senile’’  in  front  of  them.  A  conservative  au¬ 
thor  will  distinguish  between  these  as  in  a  sense  “nor¬ 
mal”  and  other  forms  as  “pathological.”  In  the  old,  he 
would  say,  arteriosclerosis  may  be  either  normal  or  path¬ 
ological,  and  in  the  young  only  pathological. 

Back  of  the  outward  appearance  is  an  elaborate  record 
of  change,  which  as  one  inclines  one  may  describe  as 
decline,  involution  and  even  advance  in  development. 
The  change  is  gradual  and,  according  to  usual  definitions 
of  the  term,  becomes  pathological  at  an  advanced  stage. 
That,  obviously,  is  a  matter  of  definition  of  the  term 
“pathological.”  When,  might  one  ask,  does  a  cancer 
become  pathological?  At  any  rate,  sooner  or  later  one 
notes  the  changes.  The  soft  and  flexible  skeleton  of 
youth,  the  gristles  and  cartilages  which  join  breastbone 
and  ribs,  are  replaced  to  quite  an  extent  by  bone.  Accord¬ 
ing  to  the  Inevitabilists  this  represents  a  natural  ad¬ 
vance  in  organization. 

The  bones  themselves  become  mere  shells,  losing  the 
original  internal  spongy  structure.  They  break  more 
readily.  The  surrounding  muscles  decrease  in  volume, 
the  immediate  cause  being  the  decrease  in  size  and  num¬ 
ber  of  the  single  fibres  composing  them.  The  muscular 
wasting  in  the  bladder  is  reflected  by  a  loss  in  contractile 
power  and  a  resulting  distention  by  unvoided  urine. 
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There  is  dilatation,  then  a  weakening  accompanied  by 
incontinence.  This  same  kind  of  muscular  atrophy  partly 
affects  the  digestive  organs.  The  wasting  of  the  muscular 
coats  of  the  stomach  and  the  intestines  intensifies  break¬ 
downs  due  to  fatty  degeneration  and  glandular  failures. 

A  stiffness  sets  in  in  the  lungs.  The  whole  chest  loses 
its  elasticity  and  mobility.  The  walls  between  air  cavities 
become  thickened,  the  vital  capacity  for  circulating  and 
holding  air  is  cut  down,  lime  may  deposit,  the  heart 
seems  to  enlarge.  The  heart  response  apparently  is  to  a 
stiffening  of  the  arteries.  There  needs  must  be  more  ef¬ 
fort  to  drive  the  blood  through  them.  Circulatory  trou¬ 
bles  begin.  To  furnish  the  output,  the  beat,  in  due  time, 
becomes  more  frequent,  that  is,  the  pulse  increases.  A 
very  sad  cumulative  effect  occurs  if  the  sclerotic  changes 
affect  the  vasa  vasorum  of  the  coronary  arteries,  since 
these  deal  with  the  nutrition  of  the  heart.  The  heart, 
which  needs  more  nutrition,  because  of  arteriosclerosis, 
gets  less  nutrition  because  of  arteriosclerosis.  When  such 
a  paradox  arises,  it  is  a  fatal  paradox  indeed! 

The  system  of  organs  is  so  thoroughly  connected  that 
all  these  changes  have  mutual  repercussions.  Thus,  too, 
the  liver,  the  pancreas,  the  spleen,  the  kidneys,  the  uri¬ 
nary  organs,  become  atrophied,  harden,  and  finally  de¬ 
generate.  The  capsule  of  the  kidney  is  thickened,  the 
parenchyma  hardened^  the  connective  tissue  scleroses 
and  compresses  tubules  and  glomeruli,  impairing  their 
action. 

The  changes  in  the  brain,  in  the  spinal  cord,  in  the 
nerves,  are  of  a  similar  character.  The  motor  functions 
are  first  affected,  then  general  sensibility  and  the  special 
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senses.  The  brain  is  largest  at  maturity,  at  about  the 
age  of  thirty.  As  remarked  before,  very  definite  aging 
is  not  characteristic  of  the  brain.  At  least  the  chemical 
and  microscopic  techniques  used  today  are  inadequate 
to  show  any  marked  changes.  Still  there  is  a  senile  in¬ 
volution,  and  it  may  be  due  to  defective  nutrition  of  al¬ 
tered  tissue  cells  3  that  is,  the  brain  shrinks  to  the  very 
end  of  life. 

Germ  cells  are  totally  inactive  in  the  very  old.  The 
growth  of  cells  concerned  in  the  repair  of  wounds  is  im¬ 
paired  up  to  a  point.  According  to  Minot,  it  is  a  luxury 
compared  to  the  general  decline  of  the  bodyj  according 
to  Carrel,  it  is  the  accurate  gauge  of  “physiological  age.” 

The  description  of  the  physical  changes  can  be  made 
the  subject  of  many  volumes.  We  can  only  summarize 
and  point  out  that  they  fall  into  several  large  classes: 
the  atrophies,  which  have  been  commented  on;  fibroses, 
or  replacements  by  fibre;  pigmentations;  metaplasias; 
hyperkeratoses,  or  skin  changes  and  the  like;  renuncia¬ 
tion  of  functions,  as  those  of  the  germ  cells  and  the  in¬ 
stance  of  fat  cells  which  no  longer  store  fat. 

The  psychological  picture  of  very  old  age  is  usually 
depressing.  We  quote  from  Dr.  I.  Nascher’s  excellent 
account:  *  “The  recognition  by  the  individual  of  mental 
and  physical  weakening  generally  leads  to  changed  tem¬ 
perament. 

“Man  now  thinks  of  his  body,  its  preservation  being 
more  important  to  him  than  wealth  or  fame  or  what¬ 
ever  else  his  ambitions  had  led  him  to  strive  for.  He  has 
an  intense  desire  to  live,  and  all  his  energies,  his  purpose 

*  Medical  Pamphlets  by  I.  Nascher. 
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in  life,  are  centered  in  the  prolongation  of  life. 

“This  altered  attitude  toward  life  and  self  produces  the 
changed  temperament  exhibited  in  egotism,  selfishness, 
perverseness,  stubbornness,  peevishness,  loss  of  ambi¬ 
tion,  sensitiveness  to  discomfitures,  and  occasionally  in¬ 
tense  religious  feeling.  Old  age  produces  a  psychic  de¬ 
pression  which  may  cause  brooding  melancholia. 

“Ordinarily  there  is  intense  psychic  depression,  some¬ 
times  a  true  thanatophobia  or  fear  of  death,  most  marked 
in  those  whose  religious  beliefs  have  evolved  a  purgatory 
or  place  of  suffering  as  a  necessary^  preliminary  to  the 
bliss  of  heaven. 

“The  old  man  weeps  readily,  but  it  is  not  through  the 
intensity  of  grief  or  sympathy,  but  because  of  lessened 
control  over  the  emotions.  For  the  same  reason  he  gives 
way  to  anger  and  hatred. 

“Prominent  features  of  the  senile  mind  are  slowness 
of  action,  narrow  limitation  of  power,  and  rapid  fatigue. 
The  reader  must  read  a  sentence  several  times  before  he 
can  grasp  its  import. 

“The  earliest  objective  manifestation  of  altered  men¬ 
tality  is  usually  found  in  impaired  memory. 

“A  marked  change  in  mentality  occurs  during  the  se¬ 
nile  climacteric.  The  depression  passes  away  and  the  indi¬ 
vidual  becomes  apathetic  j  death  becomes  less  fearful  as 
the  weakened  mind  is  less  able  to  realize  its  positive 
nature  j  less  concern  and  interest  are  shown  in  the  fu¬ 
ture  j  the  individual  lives  in  the  immediate  present,  for¬ 
getting  the  moment  that  is  past  and  indifferent  to  the 
hour  that  is  to  come.  He  has  dim  recollections  of  his 
early  days,  but  they  are  only  memories  in  which  there 
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is  neither  joy  nor  regret. 

“The  aged  give  undue  importance  to  insignificant 
symptoms,  dilate  upon  the  seriousness  of  former  ail¬ 
ments,  and  exhibit  their  egotism  in  speaking  of  their 
wonderful  constitution,  which  could  withstand  diseases 
that  would  have  been  fatal  to  others,  or  claim  that  they 
were  never  ill,  notwithstanding  the  presence  of  pitmarks, 
cicatrices  and  other  evidences  of  former  illness  or  in¬ 
jury.  Unconscious  suggestion  and  imitation  are  powerful 
etiological  factors  in  the  aged.” 

One  is  actually  reminded  of  Bacon’s  even  more 
gloomy  parallel  between  the  good  looks  of  youth  and 
virtue,  and  the  decrepitude  of  old  age  and  moral  de¬ 
generation. 

It  is  often  argued  that  the  nervous  system  must,  like 
other  bodily  structures,  have  a  life  span  of  its  own.  The 
argument  is  merely  a  plausible  analogy,  and  may  be  even 
belied  by  challenges  like  those  of  Dr.  Tilney  that  a 
genuinely  senile  brain,  that  is,  a  brain  senile  merely 
through  its  own  aging,  is  not  to  be  found.  Nevertheless, 
the  nervous  system  is  affected  by  the  other  systems  of 
the  body,  and  does  age  indirectly,  if  not  directly.  The 
decline  is  expressed  by  the  difficulty  of  retaining  fresh 
impressions,  a  reluctance  to  forming  new  associations  and 
an  inadequacy  in  response  to  unaccustomed  impulses, 
even  though  pathological  changes  may  be  very  difficult 
or  impossible  to  trace.  One  would  guess,  furthermore, 
that  there  are  some  changes,  because  premature  neural 
senility  can  also  set  in  along  with  premature  physical 
senility. 

Pathologists  do  indeed  divide  the  mental  stages  of  the 
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aged  into  groups  on  conclusions  based  on  post  mortems. 
A  typical  division  is  the  following:  ‘^Arteriosclerotic 
deterioration’’ — larger  vessels  show  predominant  change, 
gross  areas  of  softening,  occurring  in  people  whether  en¬ 
tirely  healthy  or  definitely  arteriosclerotic.  “Progressive 
arteriosclerotic  psychoses” — gradually  becomes  de¬ 
mented,  relatives  applying  term  “second  childhood.” 
Few  cases  show  softening  and  appear  almost  norm^al. 
“Dementia.”  “Arteriosclerotic  dementia” — occurrence 
of  both  deterioration  and  dementia.  “Senility” —  The 
vessels  show  only  a  fibrosis^  patient  preserves  mental 
faculties  to  the  end,  death  being  brought  about  through 
visceral  disease  3  marked  dementia  or  deterioration  not 
found. 


II 


THE  INSTINCT  OF  DEATH  AND  THE  SCIENCE 

OF  OLD  AGE 


The  march  of  time  in  the  life  span  is  such  that  even  the 
very  sources  of  desire  are  affected.  The  claim  has  been 
made  that  the  instinct  of  life  is  actually  replaced  by  an 
instinct  of  death.  Is  there  any  truth  to  so  startling  a  state¬ 
ment?  Its  paradoxical  character  suggests  that  it  is  point¬ 
ing  to  something  which  normally  is  easily  missed  and 
must  be  exaggerated  in  order  to  attract  attention.  Who 
has  not  said  at  some  time  or  other,  unthinkingly,  “I  wish 
I  were  dead”?  The  growth  of  such  a  wish  or  the  increas¬ 
ing  frequency  of  such  wishes  or  their  entertainment  for 
prolonged  periods  of  time,  might  be  described  by  the 
term  ^hnstinct”  by  those  who  like  that  kind  of  a  word. 
Indeed,  we  do  not  like  the  term,  but  would  rather  think 
of  the  fact  aimed  at. 

For  us  the  fact  to  be  investigated  is:  do  such  wishes 
increase  in  frequency  or  in  intensity  as  we  get  older? 
Opinion  runs  riot.  On  the  one  hand  we  have  the  testi¬ 
mony  of  older  people  themselves  that  they  do  wish  for 
death  or  at  least  do  not  wish  to  live  their  lives  over 
again  j  on  the  other  hand  we  have  the  skepticism  with 

which  such  statements  must  be  taken  by  cold  outsiders 
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who  must  judge  by  actions  and  not  by  words.  The  old 
live  on,  and  seem  to  want  to  live  on.  The  frequency  of 
suicide  does  not  vary  sufficiently  with  age  to  help  us  in 
an  unbiased  estimate.  Besides,  even  if  it  did,*  it  might 
be  due  to  other  factors  than  a  wish  brought  on  by  the 
mere  aging  process.  It  may  easily  be  due  to  an  unfavor¬ 
able  social  pressure  on  the  aged.  At  any  rate,  there  seems 
to  be  no  suicide  clock  in  the  bodies  of  the  aged,  unless  we 
speak  figuratively  of  “involuntary  suicide.” 

There  is  a  veritable  science  of  old  age.  It  can  be  la¬ 
belled.  The  Greek  syllable  is  “geri”  in  various  combina¬ 
tions.  A  more  sombre  designation  is  “thanatology,”  but 
that  suggests  a  science  of  death.  Since,  however,  it  can  be 
maintained  with  much  reason  that  the  rate  of  dying  in 
old  age  is  less  than  in  youth,  this  seems  hardly  fair  as 
a  name  for  the  science  of  old  age.  A  more  cheerful  desig¬ 
nation,  for  the  medical  aspects  at  least,  avoiding  fear  and 
death,  is  “geriatrics,”  a  companion-term  as  it  were  to 
“pediatrics.”  Just  as  there  are  pediatricians  whose  con¬ 
cern  it  is  to  take  care  of  the  very  young,  there  should  be 
more  (and  better)  geriatricians  whose  concern  it  would 
be  to  take  care  of  the  very  old.  Hospitals  might  develop 
divisions  of  geriatrics.  In  due  time,  perhaps,  we  may 
have  a  Journal  of  Geriatrics  and  congresses  of  geriatri¬ 
cians! 

Fordham  University  at  one  time  had  a  chair  of  geriat¬ 
rics  occupied  by  Dr.  I.  S.  Nascher.  He  called  attention 
to  the  fact  that  ordinary  methods  must  be  carefully  cen- 


*  Some  data  show  that  suicides  are  twice  as  frequent  in  the  age  range, 
fifty  to  eighty,  than  in  the  range,  twenty  to  fifty,  in  Prussia  and  Denmark. 
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sored  in  the  light  of  the  special  factors  of  old  age.  The 
general  principles,  which  he  took  as  axiomatic  were: 
(i)  A  pathological  change  may  be  cured  but  the  cure 
will  be  a  restoration  to  the  norm  of  senility  and  not  to 
the  norm  of  maturity.  (2)  A  physiological  change  can¬ 
not  be  cured  in  the  sense  of  restoration  to  the  norm  of 
maturity.  Disagreeable  symptoms  may  however  be  re¬ 
lieved.  (3)  Functional  stimulation  of  the  normal  func¬ 
tional  activity  hastens  degeneration. 

Along  with  others  he  pointed  out  many  possible  con¬ 
fusions  in  diagnosis  because  the  symptoms  of  old  age 
resemble  many  pathological  symptoms.  Senile  arterio¬ 
scleroses  may  be  confused  with  chronic  rheumatism, 
especially  when  occurring  in  the  ankles.  In  the  old  the 
pain  is  relieved  upon  rest,  and  aggravated  upon  motion  j 
in  chronic  cases  it  persists  on  rest  and  is  relieved  upon 
motion.  The  various  kinds  of  tremors  should  receive 
similar  differentiation.  And  so  for  all  sorts  of  troubles 
with  the  organs  and  their  functioning.  A  little  confusion 
as  to  the  use  of  digitalin  may  lead  to  brain  apoplexy  or 
the  use  of  hypnotics  for  insomnia  may  cause  a  collapse 
elsewhere. 

As  a  matter  of  interest  we  give  the  collected  aphorisms 
of  this  specialist.  They  represent  very  well  what  we  have 
called  the  extreme  Inevitabilist  attitude. 


Dr.  Nascher’s  Geriatric  Aphorisms 

Some  are  aged  before  they  are  old,  some  are  old  but 
are  not  aged.  Geriatrics  deals  with  the  senile  state  not 
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with  the  years  of  life.  In  maturity  nature  cures,  in  se¬ 
nility  nature  kills.  Aid  nature  in  maturity  prevent  death 
in  senility. 

Anatomical 

(1) .  Hardness  of  the  xiphoid  cartilage  is  an  index  of 
the  degree  of  aging.  If  resilient  in  advanced  life  the 
anatomical  changes  are  slight  3  this  includes  the  arterial 
changes.  Early  hardening  indicates  early  senile  changes. 

(2) .  Muscles  that  have  been  actively  employed  un¬ 
dergo  atrophy,  if  they  have  not  been^actively  employed 
they  undergo  fatty  degeneration.  The  former  are  thin, 
firm  and  have  clearly  defined  borders  3  the  last  are  soft, 
flabby  with  indefinite  border. 

(3) .  The  senile  stoop,  due  to  anatomical  changes, 
comes  on  slowly  and  late,  the  senile  slouch  due  to  psychic 
causes,  comes  on  early  and  rapidly. 

(4) .  Wrinkles  if  due  to  age  are  fine,  if  due  to  habit 
(mental  concentration,  worry,  etc.)  disease  or  drugs 
(antiobesity  treatment  in  earlier  life)  they  are  coarse. 
The  former  appear  late,  the  latter  may  begin  in  early 
life. 

(5) .  The  arcus  senilis  is  not  a  sign  of  aging  as  it  may 
be  found  in  youth. 

(6) .  Senile  alopecia  begins  at  the  temples  and  on  top. 
Disease  alopecia  is  scattered. 

(7) .  The  old  man’s  rheumatism  is  an  atherosclerosis, 
not  an  arthritis. 

(8) .  The  thin  man’s  paunch  is  enteroptosis  in  the 
hypogastric  region;  the  fat  man’s  paunch  is  fat  and  gas- 
troptosis  in  the  mesogastric  region. 
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Physiological 

(1) .  Snoring  in  sleep  is  of  no  consequence j  groan¬ 
ing  indicates  cerebral  hyperemia  or  other  pathological 
condition.  Talking  in  sleep,  if  unusual,  is  generally  a 
muttering  delirium. 

(2) .  Mouth  temperature  is  always  one  or  two  de¬ 
grees  lower  than  rectal  temperature  and  it  may  vary  two 
degrees  at  different  times  of  the  day  in  health  and  more 
in  disease. 

(3) .  Owing  to  wasted  muscles  and  rigid  chest  walls 
even  a  weak  heart  may  give  a  strong  impulse. 

(4) .  Respiration  is  increased  and  heart  action  slowed, 
the  relation  being  i  x  3^4  or  less. 

(5) .  Diminished  gastric  acidity  and  lessened  irrita¬ 
bility  cause  the  aged  to  prefer  acid  and  sharp  foods  and 
reject  alkaline  and  insipid  foods. 

(6) .  Slowed  and  weakened  peristalsis  may  cause 
stasis  without  a  daily  stool. 

(7) .  Big  eaters  age  early.  There  is  too  much  waste 
to  be  disposed  of  by  the  intestines  and  intestinal  decom¬ 
position  and  autointoxication  occur. 

(8) .  The  old  man  falls  asleep  at  the  sermon  through 
excessive  attention  which  brings  on  brain  fag,  not 
through  inattention. 

(9) .  The  recollection  of  early  events  comes  unbid¬ 
den  j  newer  events  cannot  be  recalled  by  any  effort  of 
the  will. 

(10) .  Mental  decay  is  more  pronounced  in  the  man¬ 
ual  laborer,  physical  decay  is  more  pronounced  in  the 
mental  laborer. 
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Pathological 

( 1 )  .  Organs  and  tissues  undergoing  senile  degenera¬ 
tion  cannot  accommodate  themselves  to  the  altered  func¬ 
tions  of  allied  organs  and  tissues  that  are  diseased. 

(2) .  Stimulation  of  a  degenerating  organ  or  tissue 
hastens  the  degeneration. 

(3) .  Uniform  increase  of  connective  tissue  between 
the  apices  of  the  pyramids  of  the  kidneys  is  physiologi¬ 
cal  j  unequal  increase  is  pathological. 

(4) .  The  senile  spleen  is  usually  so  small  that  its  in¬ 
crease  in  the  various  diseases  associated  with  splenic  en¬ 
largement,  cannot  be  determined. 

(5) .  If  there  is  retinal  arteriosclerosis,  there  is  a  gen¬ 
eral  diffused  arteriosclerosis. 

(6) .  A  primary  aortic  insufficiency  is  produced  by 
dilation  of  the  ascending  aorta. 

(7) .  In  acute  gastritis  with  active  fermentation  the 
gases  produced  press  upward  upon  the  diaphragm  caus¬ 
ing  palpitation  and  gastric  asthma.  It  is  the  height  of 
folly  to  attempt  to  repress  the  belching  up  of  the  gas. 

(8) .  In  every  case  of  malignancy  in  warts,  nevi  and 
other  dermal  affections  there  is  a  history  of  irritation, 
generally  an  attempt  at  removal. 

(9) .  Atheroma  is  a  fatty  degeneration,  arteriosclero¬ 
sis  on  fibres  or  calcareous  degeneration  of  the  arterial 
walls.  The  former  produce  a  softening  of  the  vessel  and 
hardening  occurs  only  after  fibrosis  or  calcification  has 
set  in. 

(10) .  Many  senile  degenerations  resemble  pathologi- 
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cal  conditions  of  maturity  but  do  not  give  the  same 
symptoms. 

Clinical 

(1) .  Chills  are  rare  and  serious,  chilliness  is  frequent 
and  of  no  consequence.  A  disease  beginning  with  a  chill 
is  always  grave. 

(2) .  A  high  temperature  is  always  grave j  a  sudden 
drop  usually  precedes  death. 

(3) .  Typical  temperature  curves  such  as  are  found 
in  typhoid  fever,  and  malaria,  are  rare  in  the  aged. 

(4) .  Pain  is  frequently  absent  in  ordinary  painful  dis¬ 
eases,  such  as  peritonitis,  appendicitis,  gastritis,  chol¬ 
ecystitis,  pleurisy  and  pneumonia.  (The  aged  often 
deny  pain  to  avoid  examination.) 

(5) .  A  pain  for  which  no  cause  can  be  found  and 
which  shifts  its  sight  from  day  to  day  indicates  malinger¬ 
ing  with  mental  impairment. 

(6) .  The  pulse  at  the  two  wrists  may  differ  in  force 
and  hardness  and  beats  may  be  lost  in  transmission. 

(7) .  Neither  pulse,  pain  nor  temperature  is  a  reli¬ 
able  guide  in  determining  the  diagnosis  in  the  aged. 

(8) .  The  normal  high  point  of  systolic  pressure  can 
be  estimated  by  adding  the  age  to  100  mm.  A  sudden 
and  material  drop  indicates  decompensation  or  collapse. 

(9) .  Vomiting  unless  deliberately  induced  is  rare  and 
occurs  only  in  serious  diseases. 

(10) .  Perspiration  unless  deliberately  produced  or 
occurring  in  very  hot  temperature,  is  rare  and  indicates 
a  grave,  debilitating  disease. 
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Diagnostic 

(1) .  Albuminuria  without  casts  indicates  contracted 
kidney,  with  casts  nephritis.  The  former  is  physiological 
and  requires  no  treatment  j  the  latter  is  pathological  and 
should  be  treated. 

(2) .  Continued  bacterial  ammoniacal  urine  without 
pain,  fever  or  dysuria  indicates  retention  of  decomposing 
urine  in  the  vesical  folds  and  pouches. 

(3) .  The  dysuria  of  calculus  is  worse  toward  eve¬ 
ning  after  the  patient  has  been  standing  muchj  of  pro¬ 
static  disease  it  is  worse  during  the  night  or  in  the  early 
morning. 

(4) .  Indicanuria  is  alw'ays  present  in  the  aged. 

(5) .  Disenteric  diarrhea  indicates  excessive  foodj 
mucous  diarrhea,  improper  food. 

(6) .  Infectious  diseases,  except  such  as  erysipelas,  are 
rare,  and  serious  and  do  not  run  a  typical  course. 

(7) .  A  recurrence  of  early  tuberculosis  is  mildj  a 
primary  tubercular  infection  in  old  age  is  fatal. 

(8) .  Aged  exposed  to  diphtheria  infection  may  show 
slight  local  symptoms  including  the  presence  of  the 
bacillus  without  constitutional  symptoms.  Anti-toxin  is 
useless  in  these  cases. 

(9) .  Headache  and  vertigo,  intermittent  and  not  af¬ 
fected  by  position,  reading,  light  or  sound  are  due  to 
cerebral  arteriosclerosis. 

(10) .  In  determining  the  diagnosis  in  senile  cases, 
every  symptom  must  be  traced  to  its  source  and  its  rela¬ 
tion  to  the  suspected  disease  must  be  ascertained  before 
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we  can  say  that  it  is  a  symptom  of  that  disease  as  acci¬ 
dental  and  incidental  complications  occur  frequently. 


Therapeutics 

(1) .  Rule:  increase  dose  of  stimulants  and  decrease 
dose  of  sedatives. 

(2) .  Never  give  drugs  in  anticipation.  Wait  till  indi¬ 
cation  for  the  use  of  the  drug  is  cleared,  and  stop  its  use 
when  the  desired  effect  is  produced. 

(3) .  When  potassium  iodide  has  ceased  to  lower  the 
blood  pressure  in  arteriosclerosis  its  further  administra¬ 
tion  is  harmful. 

(4) .  Belladonna  prevents  the  griping  of  aloin  by 
counteracting  the  peristaltic  stimulation  of  the  latter. 
Much  smaller  doses  of  aloin  can  be  given  if  the  bella¬ 
donna  is  omitted. 

(5) .  Secondary  effects  of  drugs  may  act  more  power¬ 
fully  upon  the  senile  organism  than  the  primary  or  de¬ 
sired  effect. 

(6) .  Morphia  is  a  powerful  respiratory  depressant  in 
the  aged.  If  given  by  mouth  atropin  should  be  given  a 
few  minutes  before  3  if  given  hypodermically  they  should 
be  given  together. 

(7) .  No  cardiac  stimulants  while  compensation  is 
completed. 

(8) .  Drugs  containing  tannin  are  absorbed  slowly  or 
not  at  all. 

(9) .  Mineral  oil  in  large  doses  does  more  harm  than 
good.  It  cuts  the  intestinal  walls  interfering  with  the  se- 
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cretion  of  the  already  diminished  intestinal  juices. 

( lo).  Drugs  act  differently  upon  senile  degenerating 
tissue  in  maturity.  They  should  be  given  singly  if  pos¬ 
sible,  and  the  action  of  each  determined  in  each  individ¬ 
ual  case. 


Hygienic 

( 1 ) .  When  the  teeth  fall  out  it  is  a  signal  for  the  dis¬ 
continuance  of  food  that  must  be  masticated.  This  applies 
especially  to  meat. 

(2) .  The  “little  and  often”  rule  in  feeding  is  wrong. 
Five  hour  intervals  and  sufficient  at  each  meal  should  be 
the  rule. 

(3) .  If  the  aged  person  is  drowsy  after  a  meal  he 
should  lie  down,  not  sleep  sitting. 

(4) .  Soft  stools  are  more  important  than  daily  stools. 

(5) .  Keep  dishes  of  water  on  hot  air  radiators  and 
stoves  in  winter.  The  excessively  dry  atmosphere  so 
heated  increases  the  dryness  of  the  throat  and  bronchial 
tubes  causing  further  atrophy  of  the  mucous  glands. 

(6) .  The  mind  occupied  with  some  task  does  not 
dwell  upon  self  and  death. 

(7) .  Flattery  is  a  more  powerful  mental  stimulus 
than  drugs. 

(8) .  The  aged  are  very  susceptible  to  unconscious 
mimicry.  The  companion  of  a  patient  with  a  trem.or  or 
hemiplegia  will  develop  a  like  tremor  or  gait  synchronous 
in  time  and  extent  of  motion. 

(9) .  The  aged  do  not  smell  their  own  bromidrosis. 

(10) .  Dry  warm  air  in  hypertrophic  bronchitis  (the 
old  man’s  winter  cough)  moist  warm  air  in  atrophic 
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(senile)  bronchitis. 

These  geriatric  maxims,  of  course,  have  not  received 
unanimous  approval.  One  finds  recommendations  for  the 
cautious  use  of  opium,  which  is  branded  ^^a  blessing  in 
old  age.’’  Some  doctors  will  keep  an  aged  patient  out  of 
bed  as  much  as  possible,  since  he  easily  develops  bed 
sores  (nemosis).  A  veritable  battle  has  gone  on  about 
the  use  of  arsenic  iodide  as  a  tonic  for  the  aged,  who  are 
prone  to  die  from  exhaustion  or  paralysis  of  the  heart 
and  asthenia. 

The  senile  cataract  has  received  volumes  of  attention. 
Tuberculosis,  heart  disease,  diabetes,  syphilis,  rheumatic 
fever,  thyroid  diseases,  mental  disturbances,  appendi¬ 
citis,  etc.,  have  been  studied  with  regard  to  their  special 
appearance  in  the  aged.  There  are  some  new  experiences 
always  to  be  unearthed,  e.  g.  there  is  a  stereotyped  prog¬ 
ress  toward  necrosis  in  three  days  of  the  acute  appendix 
in  the  old  (according  to  a  noted  British  observer),  and 
hence  there  is  nothing  to  be  gained  by  removing  an  ap¬ 
pendix  that  will  remove  itself.  The  conservative  opera¬ 
tion  of  simple  drainage  is  attended  by  a  much  lower 
mortality,  complications  are  fewer,  fistula  does  not  de¬ 
velop,  convalescence  is  easier,  and  the  patients  are  free 
from  subsequent  trouble. 

There  are  many  strange  conditions.  We  cite  one  of 
‘^metabolic  failure.”  It  occurs  in  old  age  and  follows  a 
very  definite  course.  The  symptoms  are  insomnia  which 
is  unrelieved  by  drugs  given  by  mouth,  complete  an¬ 
orexia  and  refusal  of  drink,  progressively  furring  tongue, 
constipation,  and  a  special  form  of  delusion  (‘Aardiac 
delirium”).  These  symptoms  are  very  constant,  and  the 
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outcome  is  usually  fatal  in  two  or  three  weeks.  The 
pathological  and  biochemical  bases  are  unknown,  but 
there  seems  to  be  a  failure  of  excretion  combined  with 
failure  of  assimulation.  The  condition  comes  on  sponta¬ 
neously,  without  ascertainable  cause,  but  most  of  the  pa¬ 
tients  have  had  some  evidence  of  myocardial  weakness. 

Truly  there  is  an  enormous  amount  of  material  availa¬ 
ble  for  a  science  of  old  age  and  death.  From  such  a  science 
we  can  expect  the  actual  field  data  necessary  to  fix  the 
life  span. 


Ill 

fixing  the  Cift  3pan 


‘‘No  mortal  being,  howe’er  keen  his  eye 
Can  into  Nature’s  deepest  secrets  pry.” 

Haller 


I 

ON  DEFINITIONS 


So  much  ado  about  the  life  of  man  demands  at  least  an 
effort  to  fix  terms,  to  fix  the  meaning  of  the  “life  span.” 

At  a  certain  stage  of  a  discussion  it  may  be  proper  to 
say,  “it  is  all  a  matter  of  definition.”  After  a  few  com¬ 
peting  definitions  appear,  it  becomes  proper  to  discrimi¬ 
nate  on  the  basis  of  fact  and  to  make  a  final  choice.  In 
science  this  is  a  continuous  process,  because  there  is  no 
absolute  fact  and  no  absolutely  final  choice.  A  conven¬ 
tional  element  always  hangs  over.  If  one  is  fortunate  in 
research  the  terms  receive  sharper  and  sharper  definition. 
Yet,  serious  upsets  occur  even  then. 

We  have  had  a  major  instance  of  this  sudden  change 
of  definition  in  chemistry.  The  elements,  in  the  course 
of  the  centuries,  and  especially  in  the  course  of  the  1 9th 
century,  received  sharper  and  sharper  definition  by  the 
accumulation  of  facts  and  discriminations  of  all  sorts. 
The  melting  points,  the  boiling  points,  the  densities, 
the  spectral  behavior,  and  hundreds  of  other  “proper¬ 
ties”  fixed  the  character  of  each  element.  Their  purity 
was  beyond  cavil.  It  was  beyond  cavil  till  difficulties 
arose  on  account  of  the  behavior  of  radium.  The  isotopes 
were  then  discovered.  The  elements  of  nature  are  no 
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longer  pure  but  most  of  them  are  mixtures  of  two  or 
more  isotopes.  Isotopes,  of  course,  resemble  one  another 
closely,  a  fact  which  furnishes  the  reason  for  their  having 
escaped  detection  so  long.  In  one  case,  that  of  hydrogen, 
one  isotope  actually  has  twice  and  another  probable  one 
has  three  times  the  mass,  of  the  common  hydrogen.  They 
escaped  detection  because  they  are  present  in  minute 
amounts.  Theory  pointed  to  their  presence  and  led  to 
their  discovery.  A  new  theory  can  easily  upset  old  defini¬ 
tions  no  matter  how  safe  and  sane  they  may  seem  v/hile 
they  are  in  the  service  of  an  old  theory. 

It  is  quite  possible  that  the  terms  used  with  regard  to 
the  span  of  life  and  longevity  may  get  a  severe  j  olt  from 
new  discoveries  and  new  points  of  view.  At  present  the 
terms  represent  a  certain  attitude  which  banks  on  fixity, 
stability  and  inevitableness.  In  brief,  longevity  would  be 
the  degree  to  which  a  person  approaches  the  life-span, 
which  is  the  maximum  chronological  number  of  years 
“allotted  to  Man.’^  The  things  science  does  and  hopes 
for  are  constantly  modifying  the  set  metaphysics  of  the 
composite  definition  given  here.  Sometimes  a  protest 
may  be  raised  on  grounds  of  sane  method. 

There  is  a  supposition  in  many  minds,  strengthened 
by  the  fact  that  no  one  had  been  found  to  live  more 
than  X  years  (where  x  may  be  one  hundred  and  six  or  one 
hundred  and  ten  or  more,  depending  on  what  statistics 
you  have  reason  to  trust),  that  the  life-span  is  either 
X  or  X  plus  a  little  more.  Anyone  living  beyond  that  time 
could  scarcely  be  called  a  human  being!  It  seems  that 
the  celebrated  Dr.  Peyton  Rous  speaks  from  so  rigid 
a  definition,  when  he  says:  “in  the  absence  of  mutations 
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there  will  be  no  apotheosis  of  the  body.”  He  is  so  con¬ 
vinced  that  senility  has  the  right  of  way,  that  all  our 
tampering  is  so  successfully  nullified,  that  he  can  see 
no  real  hope  except  for  the  human  type  to  change  alto¬ 
gether  by, the  fortunes  of  evolution.  In  evolution  it  is 
conceivable  that  a  long-lived  mutation  might  appear  by 
what  we  in  our  ignorance  call  ^^accident.” 

The  reasoning  in  such  an  approach  is  metaphysical 
rather  than  scientific.  It  presents  as  a  fact  that  which  is 
only  a  supposition,  and  must  remain  a  supposition  indefi¬ 
nitely.  It  may  not  be  wrong,  but  it  cannot  claim  exclu¬ 
siveness  in  the  possession  of  the  truth.  It  hardens  too 
easily  into  a  dogma  and  becomes  a  detriment  to  progress. 
The  fixity  it  speaks  of  infects  its  own  reasoning. 

The  approach  also  sins  against  the  method  of  science 
called  ^^operational”  which  has  been  exploited  so  well  in 
relativity  and  in  quantum  theory.  Unguarded  supposi¬ 
tions  have  been  the  bane  of  science.  One  smug  ^^truth” 
after  another  has  been  upset  by  the  simple  approach  of 
asking:  What  is  it  that  we  mean  by  a  word  in  term  of 
actual  operations?  and  not  in  terms  of  supposed  forces 
and  agencies?  Einstein  asked  himself  the  meaning  of 
“simultaneity”  for  events  at  points  far  apart.  The  magic 
of  the  old  notion  of  simultaneity,  requiring  a  divine  su¬ 
pervision  over  all  events  and  an  omniscience  reaching  all 
over  the  universe,  was  replaced  by  “operational”  in¬ 
structions  as  to  how  two  observers  far  apart  in  space  can 
supply  themselves  with  clocks  and  light  signals  in  order 
to  determine  whether  what  was  occurring  in  their  respec¬ 
tive  localities  was  “simultaneous”  or  not.  A  major  revo¬ 
lution  not  only  in  physics  but  also  in  thought  was  brought 
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about  by  this  kind  of  cautious  attention  to  meaning. 

If  we  apply  the  “operational”  approach  to  the  defini¬ 
tion  of  the  terms,  life-span  and  longevity,  we  must  rule 
out  the  hypothesis  of  some  mysterious  x  ov  x  +  some¬ 
thing  as  relatively  “meaningless,”  and  substitute  for  it  a 
statement  of  what  we  actually  observe  as  life-span  and 
as  longevity.  What  we  actually  observe  can  be  described 
in  the  operations  we  carry  out  to  determine  age,  either 
by  clock  time  or  by  physiological  approaches,  the  opera¬ 
tions  we  carry  out  in  checking  the  careers  of  individuals, 
and  the  operations  we  carry  out  in  obtaining  a  number  or 
a  range  of  numbers  describing  averages  and  temporary 
limits  for  one  man  or  another  and  for  groups  of  man. 

Operationally,  then,  there  cannot  be  any  talk  of 
“Man,”  for  who  has  tested  man  in  his  entirety?  And  has 
man  presented  himself  in  his  entirety,  so  that  we  can 
spell  his  name  with  a  capital  M  ?  There  can  only  be  talk 
of  this  or  that  group,  during  such  and  such  an  interval  of 
time,  under  such  and  such  conditions.  One  would  also 
rule  out  expressions,  such  as  life-span”  with  empha¬ 
sis  on  the  definite  article.  The  open-mindedness  of  science 
must  revolt  against  the  inadvertent  closing  of  a  problem, 
as  if  it  had  been  solved,  long  before  we  have  the  full 
equipment  to  solve  it. 

The  qualification  “average”  would  be  indicated  in 
order  to  stress  the  operational  sense  of  the  expressions 
we  are  using  in  this  volume.  And  not  only  do  we  mean 
“average”  or  “on  the  average,”  but  also  “within  the 
range  of  conditions  studied”  and  “by  the  means  of  meas¬ 
urement  available  to  us  at  this  period  of  scientific  investi¬ 
gation.” 

Obviously,  then,  when  we  speak  of  “fixing  the  life- 
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span,”  we  wish  to  warn  against  the  mysticism  attaching 
to  the  expression.  We  have  indicated  how  every  word  in 
this  expression  is  subject  to  confusion.  The  rest  of  our 
volume  will  be  more  intelligible  in  the  light  of  this 
criticism. 

There  remains  the  necessity  for  recording  the  specula¬ 
tions  y  and  the  facts y  to  allow  the  reader  to  judge  for  him¬ 
self  how  far  the  authors  of  these  knew  the  difficulties  or 
deluded  themselves  and  their  public. 

Outstanding  among  many  writers  E.  Ray  Lankester 
has  paid  attention  to  definition.  His  discussion  is  quite 
illuminating  of  difficulties  that  need  clearing  up:  ‘^By 
longevity’  must  be  understood  the  length  of  time  during 
which  life  is  exhibited  by  an  individual.  Unless  we  intro¬ 
duce  the  term  findividuaP  and  assign  to  it  a  definite 
meaning,  we  become  involved  in  numerous  difficulties 
when  making  a  comparison  in  length  of  life  in  different 
species  of  organic  beings. 

“Ehrenberg  judges  that  certain  enormous  corals  which 
he  saw  in  the  Red  Sea  and  parts  of  which  are  still  ten¬ 
anted  by  working  polyps,  were  alive  in  the  time  of  the 
Pharaohs,  and  have  been  growing  and  enlarging  ever 
since.  Others  of  equally  vast  age  have  been  observed  in 
the  waters  of  tropical  America.  If  we  regard  the  whole 
product  of  the  fertilized  germ  as  an  individual  then  we 
must  conclude  that  these  corals  have  a  longevity  of 
more  than  3000  years,  though  we  well  know  that  count¬ 
less  generations  of  asexually-produced  polyps  have  suc¬ 
ceeded  one  another  in  these  great  coral  masses. 

^We  thus,  then,  have  individual  and  specific  longevity. 

“By  ^specific  longevity’  we  mean  the  average  longev¬ 
ity  of  the  individuals  of  a  species,  that  is  the  average  dura- 
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tion  of  life  of  all  the  individuals  born,  and  had  we  data 
for  various  organisms  as  we  have  for  some  groups  of 
mankind,  we  should  speak  of  this  period  as  the  expecta¬ 
tion  of  life  at  birth,  and  could  assign  to  it  a  fixed  quan¬ 
tity,  as  is  done  for  men.  On  the  other  hand,  a  very  dif¬ 
ferent  term  is  that,  which  we  usually  speak  of  as  the 
longevity’  of  this  or  that  race,  family,  or  species.  How¬ 
soever  ignorant  we  are  of  numbers  in  this  matter,  though 
it  is  even  difficult  to  define  what  are  the  limits  of  the 
period  to  which  we  refer,  yet  in  speaking  of  longevity’ 
of  groups  of  beings  we  usually  mean,  the  potential 
longevity — or  dease  of  life’  as  Mr.  Grindon  terms  it — 
and  do  not  allow  the  average  longevity,  affected  as  it  is 
by  disease  and  accidents  at  all  periods  of  life,  to  enter 
into  our  consideration. 

^Hhat  the  average  longevity  of  a  group  of  individuals 
is  but  slightly  related  to  the  potential  longevity,  appears 
from  these  considerations. 

^^Hence  we  must  again  qualify  or  analyze  potential 
longevity  as  applied  to  species  5  for  there  is  one  period 
which  is  proper  to  the  species  in  its  normal  conditions, 
which  it  cannot  by  any  struggles  of  its  own  extend, 
hedged  in  as  it  is  by  those  very  conditions  in  relation  to 
which  it  has  either  been  created  or  by  which  it  has  been 
evolved.  There  is  a  second  period  which  is  usually  proper 
to  a  species  (as  far  as  experiments  tell  us)  which  man 
can  make  evident  by  removing  some  of  the  natural  con¬ 
ditions  and  substituting  others,  which  however,  has  its 
limit  beyond  which  limit  no  power  that  is  known  can  ex¬ 
tend  the  life.  The  first  period  may  be  called  Normal 
Potential  Longevity,  the  second  Absolute  Potential 
Longevity.” 


II 

A  LIFE  TABLE 


The  most  coldly  “operationaP’  way  of  fixing  an  average 
life  span  with  nothing  absolute  about  it,  except  possibly 
the  honesty  of  the  workers,  is  the  construction  of  a  life 
table.  An  actual  abbreviated  hypothetical  table  illustrates 
the  maximum  of  speculation  constructors  of  such  tables 
will  go: 

From  “Population” — June  1933 — November  1934 

Hypothetical  Life  Table 

Representing  Ultimate  Longevity  Attainable  Under 
Modern  Medical  and  Sanitary  Science,  by 

Louis  I.  Dublin,  Ph.D.  and  Alfred  J.  Lotka,  D.Sc. 

Age  IS! umber  attorning  Probability  fer  1000  Average 

{x)  age  X  out  of  lOOyOOO  of  Dying  within  year  length  of 
Born  alive  Survivors  after  attaining  age  x  life 

e  Ratio  to  corresfonding  Expectation 

item  in  United  States  of  life 
Registration,  {VVhite  e^x 

Female  sf 


100,000 

0.5 16 

69.60 

97,500 

0.5 18 

70.38 

97,084 

0.677 

69.68 

96,787 

0.674 

68.89 

3 


103 


104 

THE 

SPAN  OF  LIFE 

Hypothetical 

Life  Table  (continued) 

Age 

Number  attaining 

Probability  fer  1000 

A verage 

(^) 

age  X  out  of  lOOyOOO  of  Dying  within  year 

length  of 

Born  alive  Survivors  after  attaining  age  x 

life 

e 

Ratio  to  corresponding  Expectation 

item  in  United  States 

of  life 

Registration.  {White 

e^x 

Females) 

4 

96,583 

0-739 

68.03 

5 

96,413 

0.754 

67.15 

10 

95,849 

0.880  - 

62.53 

20 

94,639 

0.665 

53-26 

30 

92,693 

0.657 

44.27 

40 

90,200 

0.623 

35-35 

50 

86,296 

0.689 

26.70 

60 

78,807 

0.622 

18.7 1 

70 

64.803 

0.671 

11.55 

80 

36,271 

0.812 

6-35 

85 

19,901 

0.888 

4-55 

90 

7493 

0.977 

3.28 

95 

1,695 

1. 000 

2.42 

100 

200 

I.OOI 

1.78 

A  few  little  pranks  of  arithmetic  perhaps  may  be  de¬ 
tected.  In  the  third  column  there  is  given  a  probability 
of  I  which  ordinarily  means  certainty.  What  then  does  a 
probability  of  i.ooi  mean?  Or,  if  we  misunderstand  the 
intention,  what  do  the  authors  mean  by  probability  per 
1000?  Is  it  a  probability  if  it  can  go  above  i  ? 


Ill 

THE  POWER  OF  ANALOGY 


There  is  a  time-honored  effort  to  fix  the  human  life 
span  on  the  basis  of  analogy  with  that  of  animals.  Some¬ 
how  the  idea  got  about  that  man  is  a  fallen  animal  as 
well  as  a  fallen  resident  of  the  Garden  of  Eden,  where 
he  was  either  immortal  or  as  innocent  as  the  animals, 
with  the  exception  of  the  vagrant  snake.  This  notion  is 
coupled  with  the  idea  that  animals  fulfil  their  destiny 
with  regard  to  the  life  span  much  more  successfully  than 
we  do,  even  if  they  do  not  achieve  their  ^‘absolute”  limit. 
Buffon  urged  with  great  authority  that  the  way  to  arrive 
at  ^Hhe  life  span”  is  to  multiply  the  puberty  age  by  six. 
Voronoff  made  an  estimate  of  one  hundred  and  twenty  to 
one  hundred  and  forty  years  on  such  a  basis,  taking  a 
multiple  of  the  period  of  growth.  Sir  Richard  Owen 
imagined  he  had  a  very  precise  guide,  because  he  set  a 
theoretical  span  of  precisely  one  hundred  and  three 
years  and  several  months.  Hufeland  more  or  less  guessed 
two  hundred  j  Haller,  one  hundred  and  fifty  3  Metchni- 
koff,  one  hundred  and  eighty-five. 

In  a  discussion  of  retarding  influences  in  growth  Rob¬ 
ertson  claimed  to  see  a  tendency  of  longevity,  in  men  and 

in  mice,  to  be  associated  with  a  high  degree  of  develop- 
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merit  of  the  nervous  system.  This  also  fits  in  with  a  com¬ 
parative  abundance  of  undifferentiated  tissue  in  the  body 
of  man  and  its  delay  in  appearance.  We  are  fortunate 
that  nerve  tissue  is  high  in  nuclear  ratio  and  represent  a 
primitive  type.  This  also  fits  with  FriedenthaPs  *  gen¬ 
eralization  that  the  ratio  of  brain  weight  to  body  weight, 
or  to  the  two-thirds  power  of  the  body  weight,  which  he 
calls  the  ^^cephalization-factor,”  varies  from  animal  to 
animal  in  close  correspondence  to  their  maximum  life 
duration.  See  table  A. 

To  move  on  to  an  investigation  of  this  sort  which  is 
thoroughly  modern  in  its  equipment,  let  us  cite  one  by 
S.  Brody  and  A.  C.  Ragsdale.  They  were  concerned  with 
the  equivalence  in  age  in  animals.  The  age  they  had  in 
mind  is  best  designated  as  ^^physiological.’’  In  ordinary 
speech  it  is  referred  to  when  one  says :  a  rat  at  three  years 
is  equivalent  to  a  man  of  ninety  years.  Apparently  they 
assume  that  the  course  of  animal  life  follows  a  standard 
curve  such  as  would  be  set  by  a  standard  set  of  chemical 
reactions  common  to  all.  As  moderns,  knowing  well  that 
growth  is  rhythmic  and  periodic  and  that  in  general  it 
shows  three  well-defined  stages,  the  infantile,  the  juve¬ 
nile  and  the  adolescent,  each  with  a  definite  maximum, 
they  used  these  for  comparisons  in  different  animals. 
Birth  is  an  episode  that  does  not  coincide  necessarily  with 
the  infantile  period.  After  much  combing  of  data  they 
decided  that  they  could  use  the  third  maximum  of 
growth  as  a  critical  point.  Taking  the  chronological  age 
at  that  point,  multiplication  by  13,  gives  the  average  life 
span.  For  a  rat  the  maximum  is  64  days.  Times  13  this 

*  Centralbl.  f.  Physiol.  2^,  321  (1910). 
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Mammals 


Sfecies 

C efhallxatlon  j actor 

Maximal  lije  duration 

man 

2.67-2.81 

00 

0 

1 

1— 1 

Ua 

0 

elephant 

1.24-1.34 

90-100 

anthropoid  apes 

0.76-0.65 

— 

horse 

043-0.57 

45 

deer 

0.40-0.50 

30 

bears 

0.36-0.50 

50 

dogs 

0.34-0.51 

15-20 

cats 

0.29-0.34 

20 

oxen,  giraffes,  a 

ntelopes  0.30—0.40 

30 

squirrels 

0.16-0.20 

6 

insectivora 

0.06-0.18 

0 

1 

0 

mice 

0.04 

3 

Birds 

carrion  crow 

0.168 

ioo(.? ) 

parrots 

0.147-0. 177 

0 

1— t 

alpine  crow 

O.l  14 

50 

hnch 

0.086 

8 

heron 

0.046 

15 

pheasant 

0.034 

15 

ostrich 

0.0195 

— 

makes  3.0  years.  In  the  mouse  it  is  42  days,  and  the  life 
span  is  2.15  years.  In  man,  the  maximum  adolescent 
cycle  in  boys  ranges  from  14.5  to  16  years  and  in  girls 
from  13  to  14.5  years  (depending  on  nationality! )  j 
multiplication  of  the  average  by  13  results  in  18 j.  The 
life  span  should  he^  one  might  argue,  one  hundred  and 
eighty-seven  years! 
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Metchnikoff  was  very  close  after  all.  Will  we  ever  be 
able  to  multiply  by  13?  The  best  we  can  do  now  is  7  or 
7.5.  So  far  only  one  other  animal  seems  also  to  have 
fallen  from  grace — the  domestic  fowl.  There  is  much  to 
be  done.  For  instance,  one  might  demonstrate  that  the 
correspondence  in  man  between  the  age  of  the  adoles¬ 
cence  maximum  and  sexual  maturity  need  not  be  more 
than  a  coincidence.  The  moment  of  birth  also  varies  for 
some  unknown  reason,  e.  g.  man  at  birth  with  respect  to 
physiological  age  is  equivalent  to  the  ox  four  months  be¬ 
fore  birth  or  a  guinea  pig  six  weeks  before  birth.  This 
too  should  be  investigated.  And  much  more. 

Not  easily  satisfied,  a  true  scientist  would  make  a 
further  demand  at  this  point.  He  would  perhaps  accept 
one-hundred  and  six  or  one-hundred  and  eighty-five  as 
the  more  or  less  fixed  life  span.  He  would  accept  it  tenta¬ 
tively,  and  ask:  what  are  the  phenomena  of  life  that  cause 
this  strange  and  unpleasant  state  of  affairs? 


IV 

'Che  phenomena  of  Xife 


The  biological  sciences  are  those  which  deal  with  the  phenomena 
manifested  by  living  matter;  and  though  it  is  customary  and  con¬ 
venient  to  group  apart  such  of  these  phenomena  as  are  termed  mental, 
and  such  of  them  as  are  exhibited  by  men  in  society,  under  the  heads 
of  psychology  and  sociology,  yet  it  must  be  allowed  that  no  natural 
boundary  separates  the  subject  matter  of  the  latter  sciences  from  that 
of  Biology.  Psychology  is  inseparably  linked  with  physiology;  and  the 
phases  of  social  life  exhibited  by  animals  other  than  man,  which 
sometimes  curiously  foreshadow  human  policy,  fall  strictly  within 
the  province  of  the  biologist. 

On  the  other  hand,  the  biological  sciences  are  sharply  marked  off 
from  the  abiological,  or  those  which  treat  of  the  phenomena  mani¬ 
fested  by  non-living  matter,  in  so  far  as  the  properties  of  living 
matter  distinguish  it  absolutely  from  all  other  kinds  of  things,  and  as 
the  present  state  of  knowledge  furnishes  us  with  no  link  between  the 
living  and  the  non-living. 

Encyclopedia  Britannica  (1910) 
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We  must  turn  to  the  insistent  queries:  What  is  life? 
What  is  death?  How  are  they  related? 

Let  us,  as  a  preliminary,  spend  a  while  in  the  labora¬ 
tory,  in  order  to  contact  with  primitive  life  by  a  method 
devised  by  its  most  advanced,  human  form. 

We  place  before  us  under  a  microscope  a  bit  of  matter, 
which  after  a  little  hesitation  we  declare  to  be  alive. 
What  is  it  that  compels  our  declaration? 

It  was  picked  for  us  by  a  very  clever  scientist  from  a 
little  Garden  of  Eden,  a  flat  dish  with  transparent  walls 
covered  by  a  glass  roof  on  v/hich  a  warm  dew  had  con¬ 
densed.  It  was  part  of  a  yellowish  trailer  that  had  crept 
upward  in  the  course  of  a  day  toward  the  remote  heaven 
of  a  laboratory  window.  The  bit  that  was  nipped  off  was 
placed  in  a  special  chamber  built  on  the  microscope 
stage.  This  chamber  is  supplied  with  fine  tools  for  ma¬ 
nipulating  the  speck,  operating  on  it,  if  necessary.  Two 
small  strips  of  blotting  paper  supply  the  necessary  life- 
giving  moisture.  The  scientist  enjoins  us:  ^^Work  quickly. 
It  has  a  way  of  ailing  and  drying  out  to  death.” 

The  specimen  before  us  is  one  of  the  lowest  forms  of 
life  known,  a  slime  mould,  Myxomycites.  It  is  proto- 
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plasm  which  in  a  sense  has  even  neglected  to  supply  itself 
with  a  cell  wall.  Naked  protoplasm! 

Nevertheless  it  holds  together  in  a  loose  fashion,  and 
doing  so  moves  as  a  whole.  Our  first  experiment  leads 
us  to  use  a  stopwatch  and  to  time  its  movements.  We  note 
hurriedly  that  the  lens  magnifies  4000  diamxeters,  so 
that  the  cross  section  is  1,600,000  larger  than  would  ap¬ 
pear  to  the  naked  eye.  Yet  things  are  scarcely  distinct 
enough  for  us.  We  wish  the  river-like  channel  we  have 
isolated  were  clearer,  because  within  it  there  is  a  rippling 
and  a  rolling  of  a  pearly  mass,  the  living  protoplasm. 
Our  stopwatch  records  full  40  seconds  of  rolling  to  the 
right,  then  gradually  a  reversal  and  about  40  seconds 
more  of  rolling  to  the  left.  The  “myxo”  swings  back  and 
forth  with  remarkable  regularity.  It  has  rhythm.  It  is 
alive! 

Is  rhythm,  then,  the  principal  characteristic  of  lifer 

A  first  impulse  is  to  deny  it  because  we  have  seen  pro¬ 
toplasm  which  shows  no  such  obvious  rhythm.  The 
paramoecium,"^  a  one-celled  animal,  like  a  slipper¬ 
shaped  canal  boat,  paddles  along  with  streamlined  oars 
where  it  wills.  The  amoeba  rolls  on  with  constant  change 
of  shape,  reaching  out  for  food  and  obstacles,  in  a  fashion 
indifferent  to  a  set  rhythm.  It  never  seems  to  have  the 
same  shape  twice.  The  timing  of  its  propulsion  of  false 
feet,  the  pseudopods,  is  not  necessarily  regular. 

What  if  we  experiment  with  a  paramoecium  or  an 


*  Woodruff  and  his  pupils  observed  the  “reproductive  rhythm”  of  the 
paramoecium,  some  8500  divisions  in  13^2  years,  without  appreciable 
abatement  in  regularity  and  speed. 
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amoeba  stripped  of  its  cellular  walls?  We  have  never 
tried  it,  and  would,  no  doubt,  destroy  the  creature  while 
skinning  it  alive  with  the  micro-minipulators.  Yet  we 
have  a  conviction  that  in  due  time  some  very  skillful 
youngster  will  astonish  us  all  by  stripping  it  with  a 
chemical  that  will  dissolve  without  killing  immediately. 
Will  the  liberated  protoplasm  behave  like  the  unclad 
myxos?  Will  it  assert  a  fundamental  rhythm?  Perhaps 
it  does,  if  properly  observed,  that  is,  under  proper  pro¬ 
tection? 

That  life  is  rhythm  perhaps  needs  no  such  excessively 
simple  illustration.  There  is  the  possibility  of  cycles 
whose  measures  lie  back  of  the  observations  in  some  re¬ 
vealing  formula.  Thus  the  word  “ah,”  as  spoken,  is  a 
simple  summary  of  many  complex  curves  that  appear 
in  an  electrical  recording  and  which  to  an  untrained  eye 
may  not  look  like  rhythm  at  all.  The  rhythm  of  speech 
itself  may  actually  be  obscured  by  the  electrical  record¬ 
ings.  It  is  not  the  superficial  kind  of  rhythm  that  is  easily 
diagnosed  in  a  recording. 

Many  descriptions  of  life  actually  do  not  mention 
rhythm.  They  speak  of  metabolismx,  feeding,  wasting, 
repairing,  growth.  That  some  or  all  of  these  may  be 
rhythmic  processes  is  not  stressed,  perhaps  not  deemed 
worthy  of  elaboration.  It  is  not  one  common  factor  to  all 
life  that  attracts  the  practicing  biologist  but  the  richness 
and  complexity  of  life.  Back  in  his  mind  is  the  aesthetic 
desire  to  find  a  single  formula,  a  one  sentence  descrip¬ 
tion  5  forward  in  his  active  attention  is  the  scientific  need 
of  being  complete  as  well  as  precise  in  his  descriptions 
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and  generalizations.  Indeed,  life  is  rhythm,  but  that  does 
not  by  any  means  give  the  complete  picture,  because  not 
all  rhythm  is  life. 

The  speck  of  bare-faced  protoplasm  is  no  simpler  with 
regard  to  the  essential  mystification  concerning  the  defi¬ 
nition  of  life  than  its  more  carefully  veiled  relatives.  The 
presence  or  absence  of  a  cell  wall  is  not  the  distinguishing 
characteristic  of  life.  One  might  have  guessed  it  because 
the  cell  wall  itself  must  propose  the  problem  all  over 
again.  Is  the  cell  wall  dead  or  alive?  If  we  settle  the 
issue  for  protoplasm,  we  will  most  probably  settle  it  as 
well  for  the  cell  wall.  Protoplasm  itself  holds  all  the 
puzzles. 


II 

THE  PROBLEM  OF  BIOLOGY 


Surely  a  mere  trip  to  the  laboratory  is  quite  insufficient 
to  uncover  the  essential  character  of  life  or  to  show  that 
it  may  be  restricted  to  a  single  essential.  Many  experi¬ 
ments  can  be  devised  showing  a  large  variety  of  char¬ 
acteristics  of  living  substance.  The  experiments  will  fre¬ 
quently  lead  to  death,  which  can  be  described  either  as 
the  cessation  of  life  or  the  preparation  for  its  cessation 
culminating  in  the  death  episode.  Death,  in  the  first 
sense,  will  occur  without  undue  tampering  on  our  part, 
arguing  possibly  for  a  definition  of  death,  in  the  second 
sense.  Whether  death  occurs  by  the  collapse  of  a  single 
essential  or  of  all  the  factors  that  go  to  make  up  life, 
where  it  begins  and  where  it  ends,  are  not  easy  questions. 
There  are  elements  of  discussion  hovering  over  such 
c]uestions  which  reveal  fundamental  disagreements  in 
conception  which  have  been  debated  literally  for  thou¬ 
sands  of  years.  There  is  an  astounding  amount  of  dis¬ 
agreement  as  to  what  are  the  phenomena  of  life  and  the 
phenomena  of  death.  The  facts  are  presumably  the  same 
for  all,  yet  the  interpretations  are  so  closely  interwoven 
with  them  as  to  always  produce  at  least  two  opposing 

schools.  Claude  Bernard  is  very  emphatic  on  this  point, 
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saying,  “Science  does  not  consist  in  facts,  but  in  conclu¬ 
sions  which  we  draw  from  them.” 

Isn’t  there,  however,  something  on  which  all  savants 
can  agree  on  in  the  descriptions  of  life,  reserving  as  far  as 
possible  in  the  backs  of  their  minds,  their  personal  in¬ 
terpretations?  And  what  is  it  that  brings  them  to  dis¬ 
agreement  in  interpretation?  Will  the  opposing  views 
ever  be  reconciled?  And  what  bearing  may  all  this  have 
on  the  question  of  the  span  of  life? 

Agreement  of  a  kind,  except  for  variations  in  empha¬ 
sis,  has  been  reached  at  the  descriptive  level  and  in  vari¬ 
ous  phases  of  the  problem  of  life.  Metchnikoff  remarks 
that  “we  are  born  in  one  way  and  die  in  many.”  We 
might  paraphrase  this  by  saying  that  there  is  merely 
more  unanimity  in  the  description  of  the  process  of  birth 
than  in  that  of  death.  It  is  not  at  all  inconceivable  that  if 
we  knew  more  we  might  be  saying  that  we  are  born 
(started  on  some  pattern  of  life)  in  many  ways  and  die 
in  only  one,  essential  wayj  and  that,  if  we  knew  still 
more,  we  might  be  saying  that  we  are  born  in  many  ways 
and  die  in  many  ways^  or,  perhaps,  if  our  knowledge 
were  absolute,  we  might  be  saying  that  we  are  born  and 
die  according  to  one  fixed  law. 

At  the  descriptive  level  there  are  many  apparently 
neutral  summaries  of  life.  The  neutrality  effect  is  best 
produced  in  the  name  of  biology.  Biology  is  a  parent 
science  of  many  offspring.  It  is  more  than  any  of  its 
branches  and  in  a  better  position  than  any  of  its  rivals 
to  discuss  life  because  it  takes  toward  life  an  unbiased 
“operational”  point  of  view.  It  is  the  gatherer  of  the 
facts,  so  that  if  some  specific  theory,  say  a  chemical  one. 
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is  put  forward  it  must  come  to  biology  as  the  source- 
science  and  the  final  court  of  fact.  Biology,  the  mother 
science  of  botany,  zoology,  physiology,  and  medicine,  in 
general  takes  four  principal  points  of  view,  namely  those 
of  morphology,  distribution,  physiology  and  aetiology. 
Morfhology  is  the  study  of  the  external  and  the  internal 
forms  or  structure  of  living  bodies  j  distribution  is  the 
study  of  the  positions  of  living  bodies  both  in  space  and 
in  time  3  'physiology  is  the  study  of  the  operation  of  fac¬ 
tors  affecting  internal  change  in  bodies,  and  their  action 
and  reaction  toward  external  bodies  j  aetiology  is  the 
study  of  cause  and  effect  in  determining  the  condition 
and  development  of  living  forms.  These  four  approaches 
answer  the  questions,  “what,”  “where,”  “whence,”  and 
“whither.” 

A  philosopher,  Herbert  Spencer,  gives  the  scope  of 
biology,  according  to  another  four-fold  plan: 

1.  Structural  Phenomena 

a.  Individual  organism  (morphology) 

b.  Organisms  in  succession  (embryology) 

2.  Functional  Phenomena 

a.  Individual  (physiology) 

b.  Succession  of  individuals 

3.  Action  of  Function  on  Structure  and  Structure  on  Func¬ 

tion 

a.  Individual 

b.  Succession  of  individuals 

4.  Genesis  (sex,  heredity,  etc.) 

There  is  a  tendency  for  all  divisions  to  fall  into  a 
preferred  “twoness.”  Morphology  is  static,  physiology 
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is  dynamic.  This  is  the  basis  of  a  classification  of  biologi¬ 
cal  sciences  by  Geddes  and  Thomson: 


Morfhological  Grouf 

Anatomy 

Classification  (taxonomy) 
Paleontography  (past  forms) 

Embry  ography 


Physiological  Grouf 

Physiology 

Ecology  (study  of  larger  life  relations) 

Ontogeny  (individual  evolution) 

Phylogeny  (race  evolution) 

One  must  not  forget  the  hybrid  sciences,  “bio-physics” 
and  “bio-chemistry.”  The  specific  sciences  specialize: 
cytology y  on  the  cells  j  histology y  on  the  tissues  5  pathol¬ 
ogy  y  on  disease  in  structures  and  in  functions;  proto¬ 
zoology  y  on  unicellular  animals;  bacteriology y  on  uni¬ 
cellular  plants.  Each  has  its  specific  techniques,  and,  what 
is  more  important  to  us,  each  has  its  specific  outlook. 
Specialists  will  vary  in  their  attitude:  some  will  naturally 
talk  in  static  terms,  some  will  put  their  explanations  in 
dynamic  terms.  Great  is  the  organization  of  biology  in 
the  attack  on  the  problem  of  life. 


Ill 
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The  biologic  viewpoint  which  dominates  all  the 
branches  is  an  effort  to  find  a  common  denominator  for 
life.  The  term  ‘^protoplasm’’  was  used  by  Purkinje  in 
1840  in  an  effort  to  fix  on  some  one  substance.  At  first 
there  were  many  who  naively  took  it  to  be  a  single  sub¬ 
stance.  Those  better  versed  in  chemistry  realized  that 
protoplasm  must  be  both  an  extremely  complicated  mix¬ 
ture  and  an  extremely  complicated  organization.  Huxley 
had  a  way  of  avoiding  argument  concerning  the  texture 
and  qualities  of  protoplasm,  by  substituting  the  expres¬ 
sion  “the  physical  basis  of  life”  for  the  troublesome 
word.  The  term,  however,  may  have  included  more  than 
physical  characters  implied  in  the  old  sense  of  the  word 
“physical.”  Today,  we  have  learned,  that  new  meanings 
of  the  old  term  are  being  developed  by  the  physicists 
themselves.  That  no  undue  restriction  is  intended  can  be 
seen  from  almost  any  list  of  the  properties  of  protoplasm 
usually  given.  At  least  the  following  appear: 

( I  )  a  very  special,  complex  chemical  nature 

(2)  the  characteristic  of  growth 

(3)  the  characteristic  of  waste  and  repair 
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(4)  the  power  of  reproduction 

(5)  the  power  of  adaptation. 

The  terms  used  are  distinctly  biological.  Other  ex¬ 
pressions  than  the  above  appear,  and  each  of  the  expres¬ 
sions  can  be  the  carrier  of  various  interpretations.  De¬ 
pending  on  the  investigator  the  word  ^^adaptation’’  may 
or  may  not  include  all  of  the  ideas  of  development,  vari¬ 
ability  and  behavior.  To  many  “growth”  means  also  the 
enregistration  of  the  experience  of  a  living  creature  in 
its  substance.  The  terms,  “irritability,”  “contractibility,” 
are  often  featured  as  primary. 

The  unit  of  structure  of  protoplasm  is  the  cell.  Of 
cells  there  are  many  kinds.  In  organisms  they  are  asso¬ 
ciated  in  a  common  purpose  toward  which  they  assume 
specialized  functions.  Around  1 840  the  botanist,  Schlei- 
den,  and  the  zoologist,  Schwann,  announced  this  as  the 
cellular  theory  of  life.  It  has  stood  well,  with  the  excep¬ 
tion  of  the  discovery  of  undifferentiated,  homogeneous 
protoplasm  (E.  B.  Wilson)  and  of  threads  of  proto¬ 
plasm  between  cells  (Minot).  The  “myxo”  mentioned 
above,  is  an  early  form  without  cell  walls.  It  is,  indeed, 
very  extraordinary.  Prof.  Wm.  Seifriz  of  the  University 
of  Pennsylvania  has  found  that  it  will  not  be  injured  by 
radium,  that,  in  fact,  it  will  completely  envelop  a  radium 
needle,  and  thrive.  Most  living  cells  are  killed  by  such 
treatment  in  a  few  minutes. 

It  is  natural  that  every  time  one  does  something  with 
protoplasm,  naked  or  cellular,  that  one  may  expect  re¬ 
verberations  in  application  to  the  questions  of  the  control 
of  life  and  disease.  Thus,  the  significance  of  Dr.  Seifriz’ 
discovery  lies  in  its  possible  application  to  certain  human 
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cancers  highly  resistant  to  radium.  Among  these  are 
certain  cancers  of  the  bone,  and  cancers  known  as  fibro¬ 
sarcomas,  which  contain  much  fibrous  tissue.  Moderately 
resistant  to  radium  treatments  are  certain  skin  cancers, 
and  cancer  of  the  bronchus.  The  latter,  because  of  the  re¬ 
sistance  factor  and  its  difficult  location  in  the  body,  has 
been  treated  by  such  radical  surgery  as  removal  of  the 
entire  lung.  The  problem  has  been  to  find  a  way  of  con¬ 
ditioning  these  cancers  prior  to  radiation  so  that  their  re¬ 
sistance  will  be  lowered  and  the  powerful  rays  can  kill 
them  off.  But  it  has  been  difficult  to  grow  cancer  cultures 
of  this  type  in  the  laboratory.  Here  in  the  myxomycetes, 
however,  is  a  substance  not  only  more  radium-resistant 
than  any  living  thing  of  which  Dr.  Seifriz  knows  but  also 
easy  to  grow  and  easy  to  observe.  No  tough  cell  walls 
stand  between  the  naked  protoplasm  and  the  microscope. 
There  still  remains,  of  course,  the  task  of  finding  a 
way  to  treat  the  myxos  so  they  will  lose  their  radium- 
resistance.  With  all  this  marvelous  resistance,  the 
^^myxos”  have  to  be  transplanted  every  14  days,  or  they 
die.  The  verdict  is  the  usual  one, — “autointoxication, 
just  as  yeasts  get  drunk  on  their  own  alcohol.” 

There  is  a  facile  way  of  describing  the  chemical  nature 
of  protoplasm  by  listing  the  groups  of  compounds  pres¬ 
ent,  as  the  proteins,  carbohydrates,  fats,  enzymes,  vita¬ 
mins,  hormones,  compounds  of  phosphorus,  sulfur,  mag¬ 
nesium,  iron,  calcium,  and  the  like.  The  complexity, 
however,  is  extraordinary.  A  protein  of  a  single  formula 
can  have  on  one  interpretation  at  least  20  million  var¬ 
iants.  Each  species  and  each  individual  may  differ  with 
regard  to  those.  The  differences  may  also  extend  to  the 
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other  types  of  compounds.  The  degree  of  dispersion  of 
these  compounds,  most  of  which  are  essentially  not  solu¬ 
ble  in  water,  to  form  colloidal  solutions  and  colloid 
structures,  varies  greatly.  The  compounds  are  very  sus¬ 
ceptible  to  reaction  and  may  even  react  and  dissociate 
amongst  themselves  in  very  complex  equilibria.  The  mi¬ 
croscope  never  exhausts  the  complexity  of  the  structures 
and  the  dynamics  of  their  shifts.  The  important  move¬ 
ments  are  beyond  the  microscope,  at  the  colloid  level 
which  can  be  studied  by  the  ultra  microscope  and  at  the 
molecular  and  ionic  level  which  is  too  small  for  the  wave 
lengths  of  light  and  can  be  studied  only  by  the  light  of 
reason.  It  is  a  romantic  assertion,  indeed,  to  say  that  we 
know  the  chemical  nature  of  protoplasm.  First  one  will 
have  to  finish  chemistry,  physics  and  mathematics,  and 
then  one  would  just  about  begin  to  get  within  range  of 
the  problem  of  the  physico-chemical  nature  of  proto¬ 
plasm. 

The  origin  of  the  confidence  concerning  our  knowl¬ 
edge  of  the  chemical  basis  of  life  lies  in  the  fact  that  we 
have  succeeded  in  preparing  artificially  some  of  the  sub¬ 
stances,  which  at  one  time  we  thought  only  living  proto¬ 
plasm  could  synthesize.  As  far  back  as  1828  W5hler 
made  urea  from  carbon  dioxide  and  ammonia.  There  was 
a  period  during  which  compounds  merely  resembling 
those  put  together  by  living  cells  were  made.  It  was  the 
period  during  which  Emil  Fischer  made  the  polypep¬ 
tides  and  Kossel  demonstrated  the  artificial  formation 
of  proteins  from  protamines,  which  are  relatively  simpler 
substances  of  a  biological  origin.  Some  sugars,  including 
such  as  have  never  been  found  in  nature,  were  made.  In 
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recent  years  the  progress  has  been  startling  because  of 
the  exact  artificial  reproduction  of  the  biological  ma¬ 
terials  showing  remarkable  physiological  effects  in  the 
body.  The  list  is  imposing: — precisely  the  variety  of 
adrenalin  formed  by  the  suprarenals:  thyroxin  of  the 
thyroid  gland,  without  which  there  is  no  intelligence  or 
proper  control  of  oxidation  j  vitamin  D  formed  by  yeast, 
so  needed  for  proper  calcium  metabolism.  3  vitamin  C, 
the  anti-scurvy  specific,  which  the  rat  synthesizes  so 
well 3  vitamin  Bi,  which  seems  to  be  indicated  for  pel¬ 
lagra  and  other  diseases  3  and,  astoundingly,  male  and 
female  sex  hormones!  The  battle  of  research  of  this 
kind  is  converging  on  the  synthesis  of  vitamin  A,  said  to 
be  necessary  to  growth  and  as  a  protection  against  in¬ 
fection  3  another  variety  of  vitamin  D  found  in  animal 
oils  3  cancer  producing  substances  which  have  not  been 
definitely  isolated  in  the  body  3  other  sex  regulatory 
substances  3  substances  involved  in  the  regulation  of 
nerve  action  3  and  so  on.  For  some  which  are  exceedingly 
complicated,  as  insulin  and  certain  hormones  of  the 
pituitary,  the  hope  seems  to  be  considerably  less. 

Let  us  assume  that  we  could  know  a  hundredfold 
concerning  the  chemical  compounds  that  we  know  now, 
we  would  still  have  the  problem  of  putting  them  to¬ 
gether,  even  if  we  could  trust  them  to  keep  going  them¬ 
selves  once  we  have  started  them.  There  are  many  ex¬ 
periments  with  rather  simple  chemicals  designed  to  give 
the  simulacrum  of  life,  its  imitation.  Who  has  not  seen 
a  chemical  garden?  There  are  cell  models  of  varying 
degrees  of  complexity.  Even  mental  effects  are  sought. 
Some  enthusiasm  has  been  shown  recently  concerning  a 
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device  that  shows  a  kind  of  memory.  None  of  these 
things  do  we  mean.  Just  like  the  tricks  of  a  magician 
they  are  no  longer  magic  once  they  are  shown  to  proceed 
in  the  normal  course  of  physical  nature. 

Growth,  the  power  of  waste  and  repair,  the  whole 
drama  of  metabolism,  may  be  imitated  by  approximat¬ 
ing  models.  The  protoplasm  has  the  power  to  a  highly 
developed  degree,  not  found  in  the  models  of  chem¬ 
istry,  of  digesting  and  assimilating  food  to  build  up  more 
of  itself,  and  to  use  up  itself  in  producing  energy.  In  its 
naivest  expression,  growth  is  the  preponderance  of  the 
first  process,  anabolism,  over  the  second  process,  kata- 
bolism.  From  this  point  of  view  life  is  an  alternating 
rhythm  of  anabolism  and  katabolism.  Adolescence  is  the 
preponderance  of  the  former  j  senescence,  the  preponder¬ 
ance  of  the  latter.  The  overbalancing  in  due  time  in 
favor  of  katabolism  in  the  aging  organisms  of  the  more 
complex  kind  is  what  sets  a  limit  to  their  life-spans. 

Irritability  and  contractibility  may  be  imitated.  Mod¬ 
els  have  been  constructed  featuring  the  electric  circuits 
involved  in  protoplasm^s  ability  to  receive,  transmit,  and 
initiate  responses  to  stimuli  in  an  adaptive  manner.  In 
lower  organisms  the  whole  body  seems  to  do  itj  in  the 
higher,  nerve  and  sensory  cells  and  tissue.  The  organ¬ 
isms  also  move  about  as  a  result.  Perhaps  adaptibility  is 
a  good  enough  word  to  cover  all  these  contingencies. 

Some  people  have  ventured  even  to  construct  models 
of  the  most  remarkable  of  all  organic  powers,  that  of 
reproduction.  The  asexual  reproduction  by  fission,  a 
mere  division  in  two,  has  even  received  mathematical 
treatment.  The  mathematics  indicates  clearly  what  has 
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to  be  done  to  a  drop  of  oil  by  certain  assumed  chemical 
reactions  (or  even  physical  ones,  such  as  the  diffusion  of 
a  dissolving  gas)  to  cause  it  to  split  into  two  smaller 
ones.  A  complete  model  of  sexual  reproduction  ap¬ 
parently  has  not  been  attempted.  Much  has  been  done  to 
tamper  with  normal  sexual  reproduction.  There  are 
living  creatures  in  which  the  female  egg  can  go  on  to 
maturation  without  the  aid  of  the  male.  In  such  cases 
a  mere  chemical  change  or  a  mechanical  abrasion  with  a 
needle  will  start  the  cycle  of  oxidations  involved  in  mat¬ 
uration  and  in  the  development  of  a  new  individual. 

The  biologist  likes  to  stress  a  kind  of  wholeness  about 
his  living  creature.  Supposedly  everything  else  can  be 
imitated  but  not  that.  An  outstanding  cytologist,  E.  B. 
Wilson,  gives  an  excellent  dynamic  description  in  his 
^^Physical  Basis  of  Life”  *  of  the  cell  as  a  unity,  as  well  as 
a  unit.  He  says:  ‘Hhe  evidence  from  every  source  dem¬ 
onstrates  that  the  cell  is  a  complex  organism,  a  micro¬ 
cosm,  a  living  system.  With  the  microscope  we  distin¬ 
guish  in  this  system  a  clear  and  apparently  structureless 
ground-substance  or  hyaloplasm  in  which  are  suspended 
a  great  variety  of  visibly  different  formed  bodies,  widely 
diverse  in  form  and  function,  each  of  which  plays  its  own 
particular  part  in  the  activities  of  the  system.  Examples 
of  these  bodies  are,  first  of  all,  the  nucleus,  and  then 
the  cytoplasmic  chondriosomes  and  plastids,  the  Golgi- 
bodies  and  central  bodies  and  many  kinds  of  granules 
and  fibrillae.  The  functions  of  these  various  bodies  are 
still  imperfectly  shown  j  but  all,  undoubtedly  are  centers 
of  specific  chemical  activities  which  contribute  in  one 
way  or  another  to  the  life  of  the  system.  This  fact  is 

*  Yale  University  Press. 
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perhaps  most  clearly  evident  in  case  of  the  plastids, 
especially  characteristic  in  cells  of  plants,  which  are 
obviously  specific  centers  for  the  formation  of  starch, 
chlorophyll  and  other  pigments,  and  apparently  also  in 
some  cases  of  fats  and  proteins.  The  nucleus  plays  an 
important  part  in  growth  and  other  constructive  proc¬ 
esses  3  it  is  probably  the  center  for  the  production  of 
enzymes  3  and  it  is  of  functional  importance,  though  not 
the  sole  factor,  in  heredity.  The  central  bodies  operate 
primarily  as  foci  of  cell-division  3  sometimes  as  organs 
for  the  production  of  cilia  or  flagella  3  and  under  certain 
conditions  as  centers  for  aggregation  for  other  formed 
bodies.  The  granules  often  represent  local  accumulation 
of  storage  products  of  many  kinds,  such  as  food  ma¬ 
terials,  excretory  products,  pigment,  pro-enzymes  or  the 
like  and  a  great  variety  of  others  3  but  taken  as  a  whole, 
the  granules  may  have  a  much  broader  significance 
than  this  would  seem  to  imply.  The  varied  functions  of 
the  fibrillae  include  contractility,  conduction  of  stimuli 
and  the  support  of  the  softer  cell-structures  3  they  also 
often  seem  to  play  an  important  part  in  the  processes  of 
secretion.  The  significance  of  the  chondriosomes  is  not 
yet  definitely  known.  An  important  group  of  observers 
have  held  that  it  is  by  the  transformation  of  these  bodies 
that  many  of  the  other  formed  bodies  of  the  cell  arise, 
including  the  plastids,  and  various  forms  of  granules 
and  fibrillae  3  but  the  correctness  of  this  view  is  still  far 
short  of  demonstration.  The  Golgi-bodies  are  of  still 
more  doubtful  significance.  They  are  known  to  play  a 
definite  part  in  the  formation  of  sperm-cells,  and  evi¬ 
dence  is  beginning  to  accumulate  that  they  may  be  con- 
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cerned  with  the  processes  of  secretion  j  but  we  may  feel 
sure  that  these  bodies  are  of  far  greater  importance  than 
this  meager  list  indicates,  for  they  seem  to  be  almost 
omnipresent  in  the  cells  of  animals  and  will  probably 
be  found  as  generally  in  plant-cells.” 

Similar  ideas  are  quite  frequent.  ^^We  cannot”  says 
Professor  Hopkins,  “without  gross  misuse  of  terms, 
speak  of  the  cell-life  as  being  associated  with  any  par¬ 
ticular  type  of  molecule.  Its  life  is  the  expression  of  a 
particular  dynamic  equilibrium,  which  obtains  in  a  poly- 
phasic  system.  Certain  of  the  phases  may  be  separated, 
but  life  is  a  property  of  the  cells  as  a  whole,  because  it 
depends  upon  the  equilibrium  displayed  by  the  totality 
of  co-existing  phases.” 

Wilson’s  *  description  of  the  process  of  reproduction  is 
crystalline : 

“The  cytologist  is  first  of  all  struck  by  the  extraor¬ 
dinary  pains  that  nature  seems  to  take  to  insure  the  per¬ 
petuation  and  accurate  distribution  of  the  components  of 
the  system  in  cell-division,  and  hence  in  heredity. 

“The  nucleus  is  cut  in  two  in  such  a  manner  that  every 
portion  of  its  net-like  inner  structure  is  divided  with 
exact  equality  between  the  two  daughter-nuclei,  and  the 
cell  performs  this  spectacular  feat  with  an  air  of  com¬ 
plete  and  intelligent  assurance.  The  net-like  framework 
is  spun  out  into  long  threads  or  chromosomes  j  these  are 
divided  lengthwise  into  exactly  similar  halves  j  they 
shorten,  thicken,  separate,  and  pass  to  opposite  poles  j 
and  from  the  two  groups  formed  are  built  up  two 
dattghter-nuclei,  while  the  cell-body  divides  between 
them. 

*  E.  B.  Wilson,  The  Physical  Basis  of  Life.  Yale  University  Press. 
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a  general  way  it  means,  as  Roux  pointed  out  40 
years  ago,  that  the  nucleus  is  not  composed  of  a  single 
homogeneous  substance,  but  is  made  up  of  different  and 
self-perpetuating  components  j  and  it  means  that  these 
components  are  strung  out  in  linear  alignment  in  the 
threads  so  that  they  may  be  divided,  or  distributed  in 
particular  manner,  by  doubling  of  the  thread. 

^^Step  by  step  the  experimental  analysis  built  up  the 
demonstration  that  the  infinitesimal  entities  serially 
aligned  in  the  nuclear  threads  are  primary  and  in¬ 
divisible  units  or  factors  of  heredity  (“genes”),  each  of 
its  own  specific  kind  and  self-perpetuating  by  growth 
and  division  j  that  they  are  of  definite  number*  that  they 
are  separated  by  fairly  definite  and  constant  intervals* 
and  that  in  their  serial  alignment  they  follow  a  definite 
and  invariable  order. 

“The  important  factor  here  to  be  emphasized  is  that 
this  beautiful  and  regular  structure  is  not  a  primary  char¬ 
acteristic  of  this  protoplasm.  It  is  of  secondary  origin, 
arising  by  the  appearance  in  the  homogeneous  ground- 
substance  of  extremely  minute  scattered  bodies  by  which 
growth  and  crowding  together  finally  produce  the 
emulsion-like  structure. 

“Among  these  possibilities,  the  one  least  likely  to 
meet  with  approval,  is  that  some  and  possibly  many,  of 
the  sub-microscopical  components  may  be  self-perpetuat¬ 
ing.  Good  biological  society  long  since  placed  its  ban  on 
mediaeval  notions  of  this  type  and  turned  a  cold  shoul¬ 
der  upon  all  corpuscular  or  micromeritic  conceptions  of 
the  cell-substance. 

“We  have,  as  it  were  (to  return  to  Bergson’s  meta- 
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phor)  taken  the  cell  to  pieces.  How  shall  we  put  it  to¬ 
gether  again?  In  this  second  stage  of  our  inquiry  we 
first  come  to  closer  quarters  with  the  problem  of  the 
physical  basis  of  life  and  encounter  the  unsolved  riddle. 
We  try  to  disguise  our  ignorance  in  regard  to  it  with 
learned  phrases. 

^^It  was  a  strange  notion  of  the  17th  century  that  the 
embryo  exists  from  the  beginning,  preformed  in  the  eggj 
and  has  only  to  unfold  itself  during  development  j  and 
out  of  this  phantasy  grew  one  of  the  most  singular  con¬ 
troversies  in  the  history  of  modern  science.  Modern  re¬ 
search  has,  nevertheless,  dressed  this  notion  out  with  a 
new  disguise  in  the  conception  of  prelocalization  in  the 
egg,  not  indeed  in  its  completed  form  but  as  it  were 
blocked  out  bn  the  rough’  in  the  cytoplasm,  so  that  de¬ 
velopment  has  only  to  impress  upon  it  the  finishing 
touches. 

^^Once  more,  therefore,  we  are  driven  to  the  conclu¬ 
sion  that  the  primary  basis  of  the  egg  organization  lies 
in  the  ground  substance  or  hyaloplasm  j  and  that  it  is 
primarily  the  components  of  this  system  that  are  sifted 
apart  and  distributed  during  the  cleavage  of  the  egg 
according  to  a  perfectly  definite  order. 

^^What  then  constitutes  the  fundamental  or  primary 
organization  of  the  egg? 

^^Genetics,  it  is  true,  has  of  late  made  remarkable  ad¬ 
vances  toward  the  study  of  the  nuclear  organization  but 
leaves  unsolved  the  problem  of  the  Grganism  as  a 
whole.’ 

^Ho  the  developing  organism,  it  would  seem  to  be  all 
one  whether  it  builds  with  one  egg,  two  eggs,  or  a  piece 
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of  an  egg.  How  shall  we  deal  with  these  facts  under  the 
mechanistic  assumption  of  an  original  fixed  structural 
pattern  in  the  egg? 

“I  believe  it  is  not  a  great  overstatement  when  I  say 
that  every  unit  may  affect  the  whole  organism,  and  that 
all  the  units  may  affect  each  character.  We  begin  to  see 
more  clearly  that  the  whole  cell-system  may  be  involved 
in  the  production  of  every  character.’’ 

The  “Ganzheit”  (wholeness)  point  of  view  is  very 
alluringly  given  by  Prof.  Wilson.  It  is  supposed  to  be 
an  essentially  biological  approach.  It  has  been  used  very 
effectively  in  psychology,  and,  in  a  sense,  has  been  used 
in  chemistry  and  physics  as  well.  The  term  “equilibrium” 
is  a  Ganzheit  term  used  normally  in  physics  and  chem¬ 
istry.  Ganzheit  may  be  central  in  biology  but  is  not 
exclusively  biological. 

The  problem  of  life  is  not  exclusively  the  problem  of 
biology. 


IV 

COMPETITION  OF  THE  SCIENCES 


All  the  sciences  step  forward  to  “explain.’’  They  bring 
a  large  variety  of  techniques  and  probes,  numerous 
schemes  of  testing  and  arranging  data,  analyses  and 
proofs.  Chemistry  is  particularly  aggressive  in  its  claims. 
It  describes  protoplasm  as  the  “chemical  basis  of  life.” 
Biology  enters  a  protest  that  the  amiable  neighbor 
science  has  missed  the  whole  point,  “biological  organiza¬ 
tion.”  Physics  warns  chemistry  to  withhold  too  much 
recognition  of  the  “mysteries”  of  organization.  They 
can  be  explained  by  “wave  equations.”  Psychology  res¬ 
tively  asserts  that  biology  had  not  gone  far  enough.  It 
sees  all  sorts  of  “behaviors”  that  are  close  kin  of,  if  not 
of  the  same  texture  as,  conscious  behavior. 

Which  science  can  we  trust?  If  any?  There  is  no  im¬ 
mediate  solution  but  to  let  the  rivalry  between  the 
sciences  go  on,  because  it  is  a  fruitful  one.  Headed  right 
in  the  opposite  direction  of  Prof.  Wilson,  was  Prof. 
Troland,  who  had  convincing  hopes  that  we  should  be 
able  in  due  time  “to  show  how  in  accordance  with  recog¬ 
nized  principles  of  physics  a  complex  of  specific,  auto- 
catalyic,  colloidal  particles  in  the  germ-cell  can  engineer 

the  construction  of  a  vertebrate  organism.” 
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In  such  a  spirit  we  have  an  increasing  number  of 
writers  who  create  and  develop  new  subjects,  like  “chem¬ 
ical  embryology’’  (Joseph  Needham).  In  such  a  spirit 
we  have  a  veritable  battle  of  definitions  and  sharp 
criticism.  One  can  imagine  a  follower  of  Kiiss  of  Stras¬ 
bourg,  retorting  to  a  follower  of  Troland,  “Life  is  all 
that  cannot  be  explained  by  chemistry  or  physics.”  Berg¬ 
son,  defending  tendencies  and  a  vital  impetus,  would 
say  “Life  does  not  proceed  by  the  association  and  addi¬ 
tion  of  elements,  but  by  dissociation  and  division,”  or 
“wherever  anything  lives,  there  is,  open  somewhere  a 
register  in  which  time  is  being  described.”  J.  S.  Haldane, 
the  English  physiologist,  would  stress  a  remarkable  co¬ 
herence  when  he  writes  in  his  “Organism  and  Environ¬ 
ment,”  about  the  bodily  system  as  “a  ^mechanism’  turned 
to  reach  with  astounding  delicacy  and  constancy  to  the 
minutest  changes  in  the  alkalinity  of  the  blood.  This 
supposed  mechanism  consists  of  what  is  called  ^proto¬ 
plasm’ j  and  protoplasm  is  something  which  from  the 
physical  and  chemical  standpoint  is  excessively  unstable. 
Yet  this  unstable  mechanism  reacts  in  the  human  body, 
hour  after  hour,  day  after  day,  year  after  year,  true  as 
tempered  steel,  to  one  absolutely  definite  and  abso¬ 
lutely  puny  stimulus.”  There  are  innumerable  pro’s  and 
con’s  possible. 

Dicta  are  like  banners.  They  may  in  themselves  be 
rather  bare  of  substance,  but  may  induce  much  action. 
A  good  representative  of  that  kind  in  Bichat’s,  “Life 
consists  in  the  sum  of  the  functions  by  which  death  is  re¬ 
sisted.”  It  doesn’t  seem  to  say  anything  in  particular, 
but  calls  attention  to  functions  and  to  the  fact  that  they 
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should  be  summed, — a  very  valuable  thing  to  keep  con¬ 
stantly  in  mind. 

Each  man  would  speak  according  to  his  special  experi¬ 
ence.  Jacques  Loeb  would  have  life  essentially  a  process 
of  respiration,  because  he  defines  death  as  the  cessation 
respiration.  When  a  spermatozoon  enters  an  egg  it 
brings  on  brisk  respiration.  It  actually  saves  the  life  of 
the  egg. 

The  electrical  theory  of  matter  must  needs  bring  on  a 
long  series  of  electrical  theories  of  life.  The  electrical 
theory  was  considered  very  modern  in  1882  (G.  F. 
Barker).  It  has  been  presented  recently  as  a  ^Tadio- 
electric  interpretation”  by  George  Crile.  He  gives  a 
statement  in  a  nutshell:  ^^Oxidation  produces  radiant  en¬ 
ergy.  Radiant  energy  generates  electric  currents  in  proto¬ 
plasm.  Electricity  is  the  energy  that  governs  the  activity 
of  protoplasm.  The  normal  and  pathological  phenomena 
of  life  are  manifestations  of  protoplasm.  Therefore  the 
phenomena  of  life  must  be  due  to  radiant  and  electrical 
energy.  This  syllogism  represents  our  problem!  We 
shall  offer  evidence  tending  to  show  that  the  living  or¬ 
ganism  is  specifically  adapted  to  the  formation,  storage 
and  specific  use  of  electric  energy  and  ultra-microscopic 
units  or  furnaces  in  protoplasm.  These  furnaces  we  have 
called  radio  gens.  We  shall  postulate  that  the  combustion 
of  the  proteins  is  effected  by  these  microscopic  units  and 
the  short  wave  radiation  emitted  by  this  continuous  com¬ 
bustion  has  two  primary  and  fundamental  effects,  (i) 
Short  wave  radiation  knocks  off  electrons  and  thus  dis¬ 
turbs  the  electric  state  of  the  protoplasm,  especially  of 
the  infinitely  intricate  network  of  the  nervous  system. 
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(2)  Short  wave  radiation  so  disturbs  the  architecture  of 
the  atom  as  to  make  the  atoms  chemically  active,  thereby 
forming  the  basis  for  the  synthesis  of  protoplasm.” 

Although  it  may  be  unfortunate  that  Dr.  Crile  chose 
to  use  a  chemical  radiation  theory  which  already  has 
stumbled  off  to  limbo,  on  account  of  numerous  excep¬ 
tions  in  the  field  of  chemistry  proper,  it  is  remarkable 
what  he  has  uncovered  by  a  persistent  application  of  his 
key  to  vital  phenomena.  There  is  contained  in  this  the 
important  object  lesson  that  for  discovery  it  is  quite  un¬ 
necessary  to  have  a  completely  ^ffrue”  theory.  The  con¬ 
solation  value  of  this  is  very  great  indeed,  because  no 
scientist  worthy  of  his  salt  will  ever  swear  to  the  abso¬ 
lute  truth  of  anything,  especially  if  it  is  of  a  theoretical 
character.  Whatever  his  practices  may  be  in  matters  so¬ 
cial,  he  never  acts  the  theologian  in  the  laboratory. 

With  the  discovery  of  cosmic  rays,  positrons,  neutrons, 
we  can  expect  a  long  string  of  speculations  which  will 
connect  life  and  death  with  them.  The  successful  change 
in  the  hereditary  character  of  eggs  of  the  Drosophila 
fly  by  Muller,  by  means  of  X-rays,  serves  as  a  prophetic 
announcement  of  the  power  for  discovery  which  lies  in 
the  application  of  these  speculations,  right  or  wrong. 
Their  virtue  lies  in  the  fact  that  they  point  to  experi¬ 
ment. 

Of  the  Ganzheit  (organism-as-a- whole)  points  of 
view  it  has  been  said  that  they  do  not  lead  to  experi¬ 
ment,  but  that  they  are  chiefly  of  a  critical  value.  This  is 
not  strictly  true.  Experiments  on  behavior  of  wholes  are 
merely  much  more  difficult. 

Apparently  the  definition  and  treatment  of  life  varies 
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with  the  level  of  discussion  the  definer  has  in  mind.  He 
may  be  thinking  of  the  physical  level,  the  biological 
level,  the  psychological  level,  perhaps  even  the  theo¬ 
logical  level.  As  he  “raises”  the  level  he  is  likely  to  deny 
that  the  discussion  at  other  levels  is  about  life  alto¬ 
gether. 

We  should  mean  by  “life”  all  its  levels. 

What  we  may  discover  in  the  midst  of  this  perplexity 
of  the  sciences  is  that  a  great  synthesis  is  in  preparation. 
This  will  obviate  the  necessity  of  either  working  entirely 
by  inspiration,  or  of  becoming  a  great  artist  at  looking 
at  both  sides  of  a  question  simultaneously. 

No  attack  on  the  problems  of  life  is  in  any  sense  com¬ 
plete.  As  things  still  stand  there  always  seems  to  be 
some  rival  procedure  ready  to  accuse  another  successful 
procedure  of  shallowness  and  distortion.  The  truth,  such 
as  it  is,  staggers  between  rival  errors.  With  regard  to 
the  control  of  the  life  process  itself,  in  the  end  we 
arrive  at  two  generalizations:  (i)  the  process  or  span 
is  completely  fixed  (2)  by  taking  thought  we  can  ac¬ 
tually  achieve  complete  immortality.  The  first  takes  its 
cue  from  some  figure  of  speech,  like  the  winding  up  of 
a  clock  j  the  second,  in  the  manner  of  Christian  Science, 
assimilates  eternity  by  spiritual  control.  The  first  would 
be  a  complete  triumph  were  it  not  for  (a  good  sprinkling 
of)  exceptions,  the  second  would  be  a  complete  failure 
were  it  not  for  an  occasional  “miracle.” 
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The  staggering  of  truth  between  rival  errors  is  reflected 
by  the  disputes  of  the  philosophic  schools,  the  mechanists 
and  the  vitalists.  There  has  also  been  a  “naturalist” 
group  that  has  always  attempted  to  steer  a  middle  course 
regardless  of  consistency,  using  now  mechanistic,  now 
vitalistic  approaches.  There  have  been  rare  attempts  to 
frame  intermediate  concepts.  A  curious  one  which  seems 
to  fall  in  this  category  is  a  principle  given  by  Francis 
Bacon  in  his  Sylva  Syl varum:  “Flame  is  a  momentary 
Substance,  Air  a  Fixed,  the  Living  Spirit  in  Creatures  is 
of  a  middle  Nature.” 

Hippocrates  of  Cos  had  noted  the  two  obvious  facts 
which  have  brought  about  so  much  contention,  one,  that 
a  living  organism  is  a  mechanical  system,  two,  that  it  is 
organization.  He  founded  thereby  the  science  of  medi¬ 
cine.  He  was  preeminently  the  scientist  in  that  he  was 
content  to  note  two  not  easily  reconcilable  facts  together, 
because  they  occur  together.  Philosophers  would  not 
have  this  equanimity,  unless  they  happen  to  be  dialec¬ 
tical  materialists,  who  are  content  to  start  in  the  manner 
of  naturalistic  science.  The  old  philosophers,  however, 

found  many  difficulties  and  picked  one  of  the  two  facts 
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as  basic,  not  both.  The  Greeks  had  developed  the  con¬ 
cept  of  atoms  and  mechanics  very  early  in  their  thinking. 
Consequently  Empedocles,  one  of  the  leaders  of  such 
thought,  produced  a  mechanical  theory  of  life  to  account 
for  birth  and  death  and  structure,  incidentally  touching 
upon  the  principles  of  the  struggle  for  existence  and  the 
survival  of  the  fittest. 

Aristotle,  who  was  the  son  of  a  physician,  gave  biology 
a  descriptive  turn,  by  classifying  organisms  in  detail.  He 
did  actual  field  work  for  several  years,  having  the  op¬ 
portunity  to  observe  well  the  phenomenon  of  generation, 
which  affected  his  thinking  profoundly.  This  seemed  to 
be  so  very  different  from  the  mere  motion  of  atoms.  He 
opposed,  therefore,  the  mechanical  theory  of  life,  mak¬ 
ing  life  a  process  expressive  of  organization  or  form.  In 
the  language  of  philosophy  he  opposed  the  principle  of 
Being  by  the  principle  of  Becoming.  Life,  accordingly, 
involved  a  formal  as  well  as  a  material  cause.  He  re¬ 
fused  to  separate  matter  from  form,  and  postulated  “sub¬ 
stance”  having  both  of  these  as  attributes.  Substance  had 
to  be  in  a  constant  state  of  activity  and  change,  i.  e.  be¬ 
coming.  Reality  lay  in  a  constant  change  of  properties  of 
substance.  Substance  and  its  activity  were  identified  with 
the  “efficient”  cause,  which  was  more  fundamental  than 
“material”  and  “formal”  causes.  In  the  efficient  cause 
new  properties  would  appear  in  time,  and  the  future 
could  not  be  predicted  from  the  past.  This  was  held  to  be 
a  contradiction  of  mechanical  causation.  The  alternative, 
a  necessity  for  considering  “final”  conditions  or  causes 
lying  in  the  future  in  order  to  follow  a  process,  is  the 
famous  principle  of  teleology.  By  teleology  many  have 
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designated  a  ^^purpose’’  in  nature,  a  term  which  is  rather 
psychological.  A  more  neutral  version  of  today  is  to  refer 
to  the  Aristotelian  point  of  view  as  the  ^afunctional” 
theory  or  nature.  Without  serious  misunderstanding, 
nevertheless,  it  may  be  called  a  vitalistic  theory  because 
of  its  sharp  opposition  to  the  mechanistic.  The  synthesis 
of  the  four  causes  (material,  formal,  efficient  and  final) 
represented  to  Aristotle,  something  he  called  ^^entel- 
echy,”  a  very  vital  propulsive  something  at  the  root  of 
reality. 

The  ancient  and  the  mediaeval  worlds  were  dom¬ 
inated  by  Aristotelian  thought.  Galen  was  its  represent¬ 
ative  in  medicine.  A  revolt  came  with  Versalius  in  an¬ 
atomy  and  was  followed  by  Harvey.  In  the  19th  century 
an  impetus  set  by  Lavoisier,  who  demonstrated  the 
process  of  combustion  in  living  bodies  as  purely  chem¬ 
ical,  was  carried  on  by  chemists  like  W5hler  who 
matched  wits  with  the  body  in  synthesizing  urea,  and 
Liebig,  who  discovered  agricultural  chemistry.  Simul¬ 
taneously  a  line  of  investigators  (Linnaeus,  Cuvier,  etc.) 
prepared  the  ground  for  Darwin’s  destruction  of  the 
doctrine  (Aristotelian)  of  fixed  and  irreducible  forms. 
Similarly  Claude  Bernard  clinched  matters  for  experi¬ 
mental  physiology,  without  at  the  same  time  being  able 
to  solve  the  problem  of  organization. 

No  one  can  say  that  the  problem  of  organization  has 
been  solved  at  any  time.  Since  Aristotle  we  have  had 
more  and  more  of  the  fads  of  organization  and  me¬ 
chanics,  both.  The  theoretical  synthesis  has  been  at¬ 
tempted  in  various  ways.  F.  S.  C.  Northrop,  a  phi¬ 
losopher  of  note,  pins  his  explanation  on  a  theory  of  a 
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^^macroscopic  atom/’  involving  the  whole  universe,  con¬ 
gesting  the  motions  of  the  atoms.  Attention  is  drawn  to 
haemoglobin,  a  complicated  chemical  compound  in  the 
blood  which  performs  at  least  three  important  functions, 
having  the  properties,  ^Vhich  would  cause  the  flux  to 
order  itself  into  a  dynamic  permanence  with  such  an  in¬ 
timate  relation  of  its  several  components  that  any  normal 
environmental  influences  upon  it  automatically  com¬ 
pensates  destructive  effects  to  preserve  the  whole.”  The 
dynamic  permanence  he  refers  to  is  characteristic  of  any 
organism,  and  is  illustrated  fully  by  any  part  of  an  or¬ 
ganism,  such  as  the  blood.  The  automatic  compensation 
is  illustrated  by  L.  J.  Henderson’s  nomograph  of  the 
blood,  which  is  a  device  enabling  one  to  calculate  from  a 
small  number  of  facts  the  principal  balances  in  the  blood 
determined  by  six  major  components.  The  existence  of 
the  “macroscopic  atom”  itself  is  left  unexplained. 

Straining  to  get  beyond  both  mechanism  and  vitalism, 
Henri  Bergson  pointed  out  that  the  intellect  itself  is  a 
product  of  evolution,  that  it  feels  at  home  only  in 
dead,  unorganized  matter,  “that  our  concepts  have  been 
formed  on  the  model  of  solids  3  that  our  logic  is,  pre¬ 
eminently,  the  logic  of  solids  3  that,  consequently  our  in¬ 
tellect  triumphs  in  geometry,  wherein  is  revealed  the 
kinship  of  logical  thought  with  unorganized  matter,  and 
where  the  intellect  has  only  to  follow  its  natural  move¬ 
ment,  after  the  lightest  possible  contact  with  experi¬ 
ence,  in  order  to  go  from  discovery  to  discovery,  sure 
that  experience  is  following  behind  it  and  will  justify 
it  invariably.”  He  continues,*  “But  from  this  it  must  also 

*  H.  Bergson,  Creative  Evolution.  Henry  Holt  &  Co. 
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follow  that  our  thought,  in  its  purely  logical  form,  is  in¬ 
capable  of  presenting  the  true  nature  of  life,  the  full 
meaning  of  the  evolutionary  movement.  Created  by  life, 
in  definite  circumstances,  to  act  on  definite  things,  how 
can  it  embrace  life,  of  which  it  is  only  an  emanation  or 
an  aspect?  Deposited  by  the  evolutionary  movement  in 
the  course  of  its  way,  how  can  it  be  applied  to  the  evolu¬ 
tionary  movement  itself?  As  well  contend  that  the  part 
is  equal  to  the  whole,  that  the  effect  can  reabsorb  its 
cause,  or  that  the  pebble  left  on  the  beach  displays  the 
form  of  the  wave  that  brought  it  there.  In  fact,  we  do 
indeed  feel  that  not  one  of  the  categories  of  our  thought 
— unity,  multiplicity,  mechanical  causality,  intelligent 
finality,  etc. — applies  exactly  to  the  things  of  life:  who 
can  say  where  individuality  begins  and  ends,  whether  the 
living  being  is  one  or  many,  whether  it  is  the  cells  which 
associate  themselves  into  the  organism  or  the  organism 
which  dissociates  itself  into  cells?  In  vain  we  force  the 
living  into  this  or  that  one  of  our  molds.  All  the  molds 
crack.  They  are  too  narrow,  above  all  too  rigid,  for  what 
we  try  to  put  into  them.  Our  reasoning,  so  sure  of  itself 
among  things  inert,  feels  ill  at  ease  on  this  new  ground. 
It  would  be  difficult  to  cite  a  biological  discovery  due  to 
pure  reasoning.  And  most  often,  when  experience  has 
finally  shown  us  how  life  goes  to  work  to  obtain  a  certain 
result,  we  find  its  way  of  working  is  just  that  of  which 
we  should  never  have  thought.’’  And,  again:  ^We  try 
on  the  evolutionary  progress  the  two  ready-made  gar¬ 
ments  that  our  understanding  puts  at  our  disposal, 
mechanism  and  finality;  we  show  that  they  do  not  fit, 
neither  the  one  nor  the  other,  but  that  one  of  them  might 
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be  recut  and  resewn,  and  in  this  new  form  fit  less  badly 
than  the  other.  In  order  to  transcend  the  point  of  view 
of  the  understanding,  we  try  to  reconstruct  the  main 
lines  of  evolution  along  which  life  has  travelled  by  the 
side  of  that  which  has  led  to  the  human  intellect.  The 
intellect  is  thus  brought  back  to  its  generating  cause, 
which  we  then  have  to  grasp  in  itself  and  follow  in  its 
movement.” 

The  resulting  theory  has  been  called  ^Treative  evolu¬ 
tion.”  According  to  it  the  psychic  life  especially  is  made 
of  the  magic  stuff  of  time,  enduring  in  its  changing  flux, 
preferably  called  “duration”  rather  than  “time,”  which 
latter  suggests  merely  clocks.  The  organism  is  a  thing 
that  “endures”  in  this  intimate  sense  of  the  passage  of 
time.  “Its  past,  in  its  entirety,  is  prolonged  into  its 
present,  and  abides  there,  actual  and  acting,”  and  “wher¬ 
ever  anything  lives,  there  is,  open  somewhere,  a  register 
in  which  time  is  being  inscribed.” 

Bergson  has  mystified  many  by  his  stress  on  the 
elusiveness  of  duration.  “It  is  no  use  trying  to  approach 
duration:  we  must  install  ourselves  within  it  straight 
away.”  Of  those  who  have  studied  his  intention  seri¬ 
ously  is  Edgar  A.  Singer,  Jr.  who  has  carried  out  a  de¬ 
tailed  inquiry  into  the  logical  clash  between  theories  of 
this  kind,  and  has  come  to  the  conclusion  not  that  the 
intellect  is  to  be  branded  a  falsifier,  but  that  a  new  kind 
of  logic  is  being  used  unwittingly  (as  any  logic  would 
be)  by  the  naturalistic  investigator.  According  to  him 
the  naturalist  affirms  two  postulates  which  have  been 
thought  to  be  contradictory.  One,  which  he  calls  the 
“Democritean  postulate,”  states  (mechanistically)  that 
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everything  in  Nature  is  structural  in  nature  j  the  other, 
which  he  calls  the  Aristotelian  postulate,  states  (vitalis- 
tically)  that  some  things  in  Nature  are  non-structural  in 
nature.  A  plain  conclusion  from  these  two  is  that  ^^some 
things  non-structural  in  nature  are  structual  in  nature,” 
which  flies  directly  in  the  face  of  formal  logic.  The 
credit  for  this  boldness  in  holding  the  two  together  is 
given  to  Immanuel  Kant,  who  voiced  it  first  in  his  Krilik 
der  remen  Vernunft  and  then  in  his  Kritik  der  Urtheil- 
skraft.  Singer  enters  into  a  technical  demonstration  with 
the  aid  of  modern  symbolic  logic,  a  powerful  tool  of 
reasoning  which  was  discovered  at  about  the  middle  of 
the  last  century.  It  hinges  on  a  distinction  that  there 
are  many  “universes”  or  “horizons”  of  discourse,  and 
that  classes  defined  to  be  contradictories  within  one  uni¬ 
verse  are  not  thereby  established  as  contradictories  within 
a  second.  In  the  universe  of  discourse  in  which  the  natu¬ 
ralist  is  working  the  two  postulates  are  not  contradic¬ 
tories!  In  some  other  universe  of  discourse  they  may  be 
and  then  could  not  be  entertained  together.  Singer,  then, 
concerns  himself  with  the  universe  of  discourse  con¬ 
taining  the  things  referred  to  by  the  Democritean 
“everything”  and  the  Aristotelian  “something.”  It  is 
impossible  to  popularize  the  technical  and  rigorous 
demonstration  of  how  he  shows  them  to  be  possibly 
compatible,  beyond  quoting  an  illustration  of  his  which 
makes  the  approach  plausible  to  one  not  versed  in  mod¬ 
ern  symbolic  logic.  He  gives  it  as  follows:  “The  trouble 
that  must  arise  from  not  making  the  definition  of  con¬ 
tradictory  classes  relative  to  a  given  universe  of  dis¬ 
course,  is  a  matter  of  long  experience.  It  had  made  itself 
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felt  well  before  Plato’s  timej  and  in  one  form  or  an¬ 
other  it  furnishes  the  problem  faced  by  Plato  through¬ 
out  the  run  of  his  dialogues.  Its  common  nature  may  be 
gathered  from  a  single  example  wherein  the  moral  and 
the  immoral  purport  to  have  been  erected  into  contra¬ 
dictory  classes.  But  to  have  made  of  the  moral  and  the 
immoral  contradictory  classes  is  to  have  affirmed  as  true 
throughout  the  world  two  propositions  j  namely, 
“Everything  is  either  moral  or  immoral. 

“Nothing  is  both  moral  and  immoral. 

“But,  now,  to  accept  the  first  proposition  for  all  mean¬ 
ings  of  thing,  the  classic  must  be  prepared  to  maintain 
(since  a  triangle  is  certainly  something)  that 
“Every  triangle  is  either  moral  or  immoral. 

“And  to  accept  the  second  proposition  for  all  meanings 
of  thing,  the  classic  must  be  prepared  to  deny  (since 
Themistocles  was  certainly  not  nothing)  that 

“Themistocles  was  both  moral  (when  adult)  and  im¬ 
moral  (when  adolescent). 

“The  classic  mind,  presented  with  difficulties  of  this 
order  (they  recur  for  all  instances  drawn  from  common 
speech  of  contradictory  classes)  is  led  to  the  most  curious 
speculations  as  to  what  must  be  real,  if  the  real  is  to  be 
that  of  which  one  can  hold  self-consistent  discourse.  As 
for  the  modern,  faced  with  this  particular  ^moraP  prob¬ 
lem,  the  deeper  his  thought,  the  greater  his  difficulty  in 
fixing  on  any  universe  of  discourse  within  which  he 
would  be  willing  to  construct  a  moral  and  an  immoral 
to  satisfy  at  once  the  demands  of  logic  and  the  needs  of 
common  use.  But  he  would  not  regard  the  example  cited 
nor  any  number  of  its  kind  as  being  final  evidence  that 
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no  such  universe  was  to  be  found.” 

We  believe  that  Singer  has  actually  made  an  im¬ 
portant  approach  to  a  synthesis  which  may  someday  be 
very  revealing  with  regard  to  the  phenomena  of  life.  At 
present  the  facts  are  too  chaotic, — how  chaotic  we  shall 
see  in  subsequent  discussion  of  a  few  proposals  by  field 
workers  in  the  sciences. 

Perhaps,  for  the  time  being,  it  were  better  to  use  the 
word  “levels”  for  the  large  variety  of  discussions  we 
encounter.  It  will  cover  differences  of  point  of  view, 
differences  due  to  a  selection  of  aspects,  differences  due 
to  varying  degrees  of  abstraction  from  the  concrete  ac¬ 
tuality,  differences  in  the  degree  of  complexity  or  or¬ 
ganisation  of  the  entity  being  discussed,  and,  in  a 
figurative  way  for  those  who  like  that  word,  differences 
in  the  degrees  of  “emergence”  of  organization.  As 
cement  we  could  use  Singer’s  hope  that  none  of  these 
really  contradicts  any  other  in  the  universe  of  discourse 
called  “Nature.” 

But  did  not  life  emerge  as  well  as  its  discussion? 


VI 
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Great  logical  difficulties  have  always  been  acute  in  the 
consideration  of  the  origins  of  life.  The  doctrine  of 
evolution,  for  example,  carefully  sidestepped  the  ques¬ 
tion.  It  started  with  matter  which  had  already  assumed 
life.  From  then  on  there  was  plenty  of  data  to  demon¬ 
strate  Redi’s  dictum,  ^ffimne  vivum  ex  ovo,”  establishing 
the  continuity  of  life.  Disputes  about  the  nature  of  bac¬ 
teria  culminated  in  a  demonstration  that  they  have 
legitimate  parents.  The  proof  of  this  “biogenesis’’  never 
fitted  well.  There  was  always  the  troublesome  puzzle  of 
how  it  all  got  started.  We  quoted  the  theory  of  Ar¬ 
rhenius  which  proposed  to  fill  the  universe  with  eternal 
life  particles.  It  is  tolerable,  and  its  appeal  to  eternity 
may  not  be  any  more  paradoxical  than  the  physicist’s  ap¬ 
peal  to  the  eternity  of  matter  or  the  eternity  of  the  ex¬ 
change  of  matter  and  energy.  We  can  take  such  shocks 
at  the  foundations  of  science.  Still  there  is  a  reluctance 
in  many  minds  to  taking  refuge  in  an  eternal  regression 
with  regard  to  life.  There  have  always  been  strong  be¬ 
lievers  in  “abiogenesis,”  which  would  make  the  raw  ma¬ 
terial  of  life  to  be  matter.  With  the  modern  work  on 
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viruses  we  seem  actually  to  be  face  to  face  with  matter 
springing  into  life. 

The  granting  of  “abiogenesis”  may  or  may  not  be 
repugnant  to  minds  accustomed  to  a  sharp  contrast  be¬ 
tween  matter  and  life.  If  by  ^^abiogenesis”  is  meant  that 
a  soul  can  make  sudden  entry  into  matter  and  vivify  it, 
so  to  speak,  it  is  quite  satisfactory  to  the  theological  mind 
which  is  at  home  with  notions  of  creation  and  the  like.  A 
theologian  calls  that  “spontaneous  generation”  when  it 
seems  to  take  place  in  a  magic  way  before  his  very  eyes. 
The  two  principles,  mind  and  matter,  remain  essen¬ 
tially  separate  although  they  seem  to  dwell  together  for 
a  while.  Most  hopes  of  immortality  draw  their  sus¬ 
tenance  from  this  kind  of  appearance  of  life  in  matter, 
because  so  loose  a  union  can  have  at  least  one  survivor 
after  death,  which,  alas,  is  so  convincingly  actual.  The 
modern  abiogenesis,  however,  springs  so  startlingly  from 
the  test  tube,  and  the  vital  principle  appears  so  promptly 
on  demand  no  differently  than  a  mere  chemical  reaction, 
that  the  theological  impulse  must  start  on  its  last  line  of 
defense.  The  last  line,  if  one  does  not  wish  to  make  life 
a  mere  epiphenomenon  of  matter,  is  to  ignite  the  spark 
of  life  in  matter  itself.  There  is  no  logical  necessity  that 
life,  genuine  life,  of  course,  appearing  at  a  certain  level 
of  organization,  must  consist  of  parts  that  too  are  life, 
but  the  psychological  urge  is  to  unify  at  any  cost.  This 
invariably  leads  to  a  vivifying  of  nature  to  the  very  core. 
Whitehead  who  has  attempted  to  stamp  a  philosophy  of 
organism  on  all  reality  represents  this  trend  when  he 
speaks  in  this  fashion:  “The  brain  is  continuous  with  the 
body,  and  the  body  is  continuous  with  the  rest  of  the 
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natural  world.  Human  experience  is  an  act  of  self-origi¬ 
nation  including  the  whole  of  nature,  limited  to  the  per¬ 
spective  of  a  focal  region  within  the  body,  but  not 
necessarily  persisting  in  any  fixed  coordination  with  a 
definite  part  of  the  brain.”  Remember,  “including  the 
whole  of  nature! ” 

All  roads  lead  to  this  kind  of  conclusion  with  differ¬ 
ent  nuances.  Is  life  electric?  asks  a  commentator.  This 
question  is  asked  because  now  we  are  quite  sure  that  all 
matter  is  electric.  The  answer,  obviously,  is  “yes,  and 
more,  through  the  cooperation  of  all  of  nature  which  is 
involved  in  organization.”  It  is  only  a  certain  organiza¬ 
tion  of  the  electric  in  the  ladder  of  nature.  This  solu¬ 
tion  seems  better  than  a  wholesale  “soulification.”  The 
wholesale  introduction  of  souls  is  sometimes  quite  star¬ 
tling,  as  when  a  recent  writer  produces  an  authoritative 
account  of  “the  soul  of  an  atom,”  giving  instances  of 
memory,  will  and  even  sex.  If  we  are  a  society  of  such 
souls,  it  is  quite  apparent  that  any  protracted  life-span 
of  our  own  would  be  well  nigh  a  miracle. 

To  the  class  of  “little  souls”  belong  the  “radiogens” 
of  Crile  mentioned  above.  They  also  seem  to  be  avail¬ 
able  on  call.  At  one  time  Crile  was  quite  enthusiastic 
about  evoking  them  in  his  “autosynthetic  cells.”  He 
separated  a  protein  fraction  from  brain  protoplasm 
(bearing  a  positive  sign,  he  says)  and  a  lipoid  fraction 
(bearing  a  negative  sign).  He  then  made  a  solution  of 
brain  ash  and  mixed  the  other  two  in  it.  Whereby  he 
got  a  crude  reproduction  of  the  process  of  normal  fer¬ 
tilization  which  is  based  on  the  positivity  of  the  ovum 
and  the  negativity  of  the  spermatozoon.  This  might  also 
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be  cogent  to  the  mechanism  of  cancer  growth.  Crile’s 
models  of  cells  have  been  interpreted  to  show  assimila¬ 
tion,  respiration,  growth,  and  even  cell  division.  Upon 
these  structures,  anesthetics,  narcotics,  electrolytic  solu¬ 
tions,  iron,  the  thyroid  hormone,  and  adrenalin  were 
made  to  act  somewhat  in  the  manner  they  seem  to  do 
on  unicellular  animals  and  even  human  cells.  Crile  *  ex¬ 
plains:  ^Uf  particular  significance  was  the  finding  that 
for  a  period  of  eight  months  cultures  of  these  cells  ex¬ 
hibited  the  phenomena  listed  above,  provided  the  pro¬ 
tein  fraction  extracted  from  the  brain  of  the  same  species 
of  animal  as  that  from  which  the  original  extracts  were 
secured,  were  added  from  time  to  time.  .  .  .  We  infer, 
therefore,  that  the  real  intracellular  ^food’  of  animals 
consists  of  proteins  which  are  built  up  from  nitrogen 
and  carbon  compounds  and  which  are  probably  syn¬ 
thesized  or  linked  up  in  the  cells  into  higher  compounds 
by  the  powerful  short  wave  radiation  emitted  by  the 
radiogens. Aren’t  the  radiogens  ^dittle  souls”?  Aren’t 
they  a  gratuitous  addendum  to  what  another  investi¬ 
gator  says:  ‘^^At  present  we  know  living  systems  only  in 
the  form  of  cells  or  their  products  j  for  every  organism 
is,  or  at  some  time  has  been  a  cell.  No  conception  of 
modern  biology  offers  greater  promise  for  the  physico¬ 
chemical  analysis  of  vital  phenomena  than  that  the  cell 
is  a  colloidal  system  j  and  that  what  we  call  life  is,  in  the 
words  of  Capek,  a  complex  of  innumerable  chemical  re¬ 
actions  in  the  substance  of  this  system.” 

Decidedly  bolder  suggestions  can  be  found.  W.  E. 
Ritter,  a  veteran  naturalist,  in  a  calm  discourse  on  the 
probable  infinity  of  nature  and  life  not  only  sees  no 

*  The  Phenomena  of  Life.  W.  W.  Norton  and  Co. 
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logical  necessity  for  the  organic  or  living  arising  from 
the  inorganic  or  dead,  but  also  finds  no  difficulty  in  let¬ 
ting  things  recede  infinitely  backward  in  the  progression 
of  life.  He  prefers  this  choice  because  he  cannot  imagine 
heredity  being  acquired!  In  other  words,  life  is  one  of 
those  things  that  need  not  have  any  beginning,  or,  to  put 
it  more  mildly,  let  us  say  to  live  means  to  be  organic, 
to  be  organic  means  to  live,  and  the  organic  is  eternal. 
Conceive  it  or  not! 

The  problem  of  origins  is  a  challenge  to  logic  of  the 
same  sort  as  the  conflict  between  mechanism  and  vital¬ 
ism.  One  must  know  a  tremendous  deal  about  what  a 
thing  is  before  one  can  discuss  where  it  begins  or  began. 

The  white  hope  of  this  kind  of  investigation  with  a 
minimum  of  philosophy  and  a  maximum  of  experiment, 
is  the  recent  success  in  the  isolation  of  viruses.  They  are 
far  from  being  ^^autosynthetic  cells,”  called  imitations 
by  their  own  author.  They  are  the  genuine  article.  And 
their  study  is  a  fitting  introduction  to  a  naturalistic  chem¬ 
ical  conception  of  ^^origin”  or  at  least  the  development  of 
life.  Chemical  spontaneous  generation  is  beyond  mecha¬ 
nism  and  vitalism  because  chemistry  has  taken  steps  of 
an  unexpected  kind.  It  is  the  sister  science  of  physics 
which  is  the  leader  of  a  new  philosophical  synthesis  away 
from  both  mechanism  and  magic. 

This  trend  really  started  with  Buchner’s  production 
many  years  ago  of  a  ^Head”  enzyme  which  carried  on 
fermentation  in  the  absence  of  living  yeast  cells.  D’Her- 
elle’s  bacterio-phage,  which  he  called  an  example  of  a 
“protobe”  or  of  first  life,  is  also  the  genuine  article.  It 
assimilates,  adapts  itself  to  the  environment  (fighting 
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bacteria)  and  reproduces.  It  is  of  a  protein  character,  is 
an  electronegative  colloid  of  the  particle  size  of  serum 
globulin  micellae,  i.  e.  about  20  millimicrons  in  diame¬ 
ter,  and  is  destroyed  by  coagulation  by  heat  at  75°  C.  It 
can  turn  simpler  nitrogenous  matter  into  more  of  itself. 
There  may  be  more  than  one  “phage’’  and  they  may 
be  mutually  convertible.  Bacteriophage  may  possibly  be 
trained  to  play  dead  for  long  periods  of  time.  This 
seems  to  be  a  distinction  of  the  viruses.  Many  are  known, 
e.  g.  those  of  smallpox  and  hydrophobia,  infantile  paral¬ 
ysis,  the  common  cold  and  sleeping  sickness.  Recently 
the  virus  of  mosaic  disease  has  been  isolated  in  high 
purity  in  large  quantities.  In  the  container  it  is  dead  3 
when  placed  in  contact  with  living  forms,  it  multiplies, 
and  hence  is  presumed  to  be  alive.  This  particular  virus, 
discovered  by  W.  M.  Stanley,  causes  mosaic  disease  in 
Turkish  tobacco  plants,  phlox  and  spinach.  Another  has 
been  obtained  relatively  pure  which  causes  a  skin  cancer 
in  rabbits.  (One  must  not  jump  to  the  conclusion  that 
cancers  are  all  caused  by  viruses ! )  Still  others  are  the 
“X-virus”  and  the  “ring-spot”  virus  in  plants.  The 
juices  of  tons  of  tobacco  plants  have  yielded  more  than 
ten  pounds  of  the  tobacco  mosaic  virus,  in  a  definite 
crystalline  form.  Chemically  it  is  merely  a  “high  molec¬ 
ular  weight  protein.” 

In  some  details  the  viruses  resemble  the  behavior  of 
genes!  A  very  important  link  is  hinted  to  the  very  trans¬ 
mitters  of  life,  the  carriers  of  heredity.  Naturally,  in  the 
light  of  such  findings,  the  hopes  of  a  successful  chemical 
synthesis  do  not  seem  too  extravagant.  The  heart  may 
feel  faint  with  despair  if  one  stops  to  think  that  the 
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viruses  are  protein  bodies  of  which  there  may  be  a  billion 
billions  of  the  same  formula.  It  can  recover  its  beat  if  we 
realize  in  turn  that  the  chase  is  more  fascinating  than 
success. 

Besides,  things  more  or  less  take  care  of  themselves. 
Gross  measurements  may  suffice.  By  his  technique  of 
measuring  thicknesses  of  minute  films  on  the  surface  of 
water  Langmuir  has  gauged  the  molecules  of  the  to¬ 
bacco  mosaic  virus  to  be  20  Angstrom  units,  or  20  one- 
hundredth-millionth  of  a  centimeter.  The  molecular 
weight  (ratio  of  weight  with  reference  to  the  lightest 
atom,  hydrogen)  is  supposed  to  be  34,000,000.  The  best 
advice  says  it  is  spherical.  Langmuir,  however,  found  it 
to  flatten  out  fifteen  fold  in  spreading  on  water. 

In  biological  experiments  the  movement  is  gaining  in 
the  demonstration  of  the  transformation  of  the  virus  of 
one  disease  into  that  of  another.  Drs.  Berry,  Lichty  and 
Dedrick  believe  they  have  noted  the  transformation  of 
the  virus  causing  rabbit  fibroma  into  another  which 
produces  a  disease  called  infectious  myxomatosis.  The 
fibroma  virus  produces  a  benign  local  tumor  which  is 
harmless,  whereas  the  virus  of  the  second  disease  pro¬ 
duces  an  infectious,  malignant,  cancer-like  tumor  which 
is  fatal  to  the  domesticated  rabbit.  “We  suggest,’’  Dr. 
Berry  stated,  at  a  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  “that  experiments 
similar  to  these  may  prove  useful  in  exploring  the  na¬ 
tures  of  other  viruses  and  their  relationships,  possibly 
their  role  in  the  animalpox  group,  in  the  foot  and  mouth 
disease  group,  and  in  the  causation  of  tumors.” 

A  mixture  of  the  live  non-virulent  type  of  virus  and 
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of  the  dead  virulent  type  injected  into  rabbits  took  on 
the  virulence  of  the  dead  type.  (^^Dead”  means  inacti¬ 
vated  by  heating  to  60-75°  C.)  The  virulent  type,  dead 
by  itself,  was  reactivated  by  the  living  non- virulent  type. 
The  power  of  ^Resurrection’’  is  lost  if  the  heating  had 
taken  place  at  90°  C. 

The  old-fashioned  synthetic  approach  now  and  then 
scores  a  success  with  regard  to  an  alleged  finding  of  “the 
substance  of  life.”  A  chemist  who  has  synthesized  half 
the  structure  of  the  red  coloring  matter  of  blood  and 
the  green  coloring  matter  of  plants  might  be  tempted  to 
feel  that  he  had  gone  half  way  in  that  direction.* 

*  The  work  was  reported  in  two  papers  by  Dr.  Paul  Rothemund  of 
Antioch  College.  We  quote  an  explanation  for  the  lay  public  by  William 
L.  Laurence;  “The  green  pigment  of  leaves  is  a  complex  compound  of 
the  chemical  nature  of  a  wax.  It  consists  actually  of  two  pigments,  the 
blue-green  chlorophyll  A  and  the  yellow-green  chlorophyll  B.  Chloro¬ 
phyll  B  contains  two  hydrogen  atoms  fewer  and  one  oxygen  atom  more 
than  chlorophyll  A.  Otherwise  the  two  pigments  are  identical. 

“Each  contains  the  metal  magnesium,  which  is  linked  to  a  very  com¬ 
plicated  ‘ring’  system,  made  up  of  carbon,  hydrogen,  oxygen  and  ni¬ 
trogen.  From  the  molecule  of  each  of  the  two  pigments  methyl  (wood) 
alcohol  and  an  alcohol  of  high  molecular  weight,  phytol,  may  be  split  off. 

“Treatment  of  chlorophyll  with  acids  eliminates  the  magnesium,  and 
one  obtains  a  compound  from  which  the  original  chlorophyll  may  be  re¬ 
stored  if  magnesium  is  introduced  again  by  suitable  means. 

“Decomposition  of  chlorophyll  by  strong  chemical  means  yields  nu¬ 
merous  magnesium-free  compounds,  which,  on  being  dissolved  in  ether, 
show  a  beautiful  porphyry  red  color.  Because  of  this  color  such  com¬ 
pounds  are  named  porphyrins. 

“It  is  also  possible  to  decompose  chlorophyll  to  the  porphyrin  state  with¬ 
out  eliminating  the  magnesium.  The  resultant  magnesium-containing  por¬ 
phyrins  are  called  ‘phyllins’  to  indicate  their  similarity  to  chlorophyll. 

“Hemin,  the  red  coloring  matter  in  the  blood,  contains  in  its  molecule 
essentially  the  same  arrangement  of  atoms  as  chlorophyll.  The  metal, 
however,  is  not  magnesium,  but  iron.  Elimination  of  this  iron  by  chemical 
means  yields  the  same  type  of  porphyrins  as  those  obtained  by  the  elimina¬ 
tion  of  magnesium  from  chlorophyll. 

“By  substituting  iron  for  magnesium,  nature  seems  to  have  crossed  one 
of  the  bridges  from  the  plant  kingdom  to  the  animal  kingdom. 

“The  iron  from  hemin  is  also  eliminated  by  acid.  Different  acids  yield 
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For  years  there  has  also  been  a  determined  search 
for  some  generating  substance  in  cells.  An  organizing 
substance  was  transferred  by  transplantations  in  the  early 
experiments  of  Harrison.  In  the  case  of  young  newts  he 
removed  the  forelimb  bud  from  one  and  grafted  it  far 
back  in  the  flank  of  another.  He  thus  obtained  a  new 
limb,  and  a  nerve  from  the  spinal  cord  grew  into  it. 

Further  research  led  to  closer  and  closer  determina- 


different  porphyrins  from  hemin,  and  each  porphyrin  can  be  recognized 
and  identified  by  its  characteristic  spectroscopic  properties. 

“It  is  possible  to  introduce  iron  again  into  the  porphyrins  and  then  one 
obtains  porphyrin  iron  complex  salts,  artificial  hemins,  which  are  spectro¬ 
scopically  very  similar  to  hemin  from  blood.  From  the  chemical  point  of 
view,  e.  g.,  for  the  determination  of  the  structure  of  the  molecule  of  these 
compounds,  hemins  and  porphyrins  are  of  equal  value  and  importance. 

“If  one  pours  blood  into  hot  acetic  acid  which  had  been  saturated  with 
table  salt,  one  obtains,  upon  cooling,  dark  red-brown  crystals.  The  crystal¬ 
lized  compound  represents  the  coloring  matter  of  blood  in  chemical 
combination  with  the  chlorine  of  the  salt,  and  is  called  Temin.’  The 
hemin,  as  it  is  prepared  by  this  method,  is  an  artificial  product,  as  the 
hemoglobin  of  blood,  from  which  it  is  formed,  does  not  contain  chlorine. 
This  hemin  still  contains  the  iron  of  the  red  blood  corpuscle. 

“All  the  porphyrins,  both  of  the  blood  hemin  and  of  the  chlorophyll, 
have  been  found  to  contain  in  their  structures  the  fundamental  chemical 
ring  system,  composed  of  twenty  atoms  of  carbon,  fourteen  atoms  of 
hydrogen,  and  four  atoms  of  nitrogen.  This  fundamental  ring  is  called 
‘porphin.’ 

“The  synthesis  of  porphin  was  first  accomplished  by  Dr.  Rothemund.  He 
also  introduced  magnesium  into  porphin,  thus  preparing  porphin  phyllin, 
the  simplest  compound  known  of  chlorophyll-like  structure. 

“The  simplest  hemin  possible,  porphin  hemin,  was  also  synthesized. 
Dr.  Rothemund  reported.  The  synthesis  of  these  two  materials  of  life  was 
based  on  the  combination  of  a  compound  known  as  pyrrole  with  formalde¬ 
hyde,  the  substance  believed  to  play  such  an  important  role  in  the  process 
in  which  chlorophyll  makes  it  possible  for  the  plant  to  harness  the  sun’s 
energy  for  the  building  of  its  tissues  out  of  water  and  carbon  dioxide 
from  the  air. 

“A  pyrrole  is  a  cyclic  compound  with  four  carbon  atoms  and  one  nitro¬ 
gen  atom  in  the  ‘ring,’  and  with  hydrogen  atoms  attached  to  each  of  the 
ring  atoms. 

“Pyrrole  and  another  aldehyde  may  be  combined.  Dr.  Rothemund  re¬ 
ported  and  a  porphyrin  different  from  porphin  will  result.  The  new 
porphyrin  synthesis  has  been  applied  to  fourteen  different  aldehydes.  From 
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tion  of  a  substance  responsible  for  such  phenomena. 
Spemann  (Nobel  Laureate)  found  the  substance  of  the 
general  character  of  a  sterol,  a  type  of  substance  repre¬ 
sented  in  the  structures  of  sex  hormones,  vitamin  D  and 
the  like. 

The  investigations  are  becoming  finer  and  finer.  Miss 
McClintock  (Cornell)  found  a  spinning  process  of  the 
chromosomes  which  are  the  carriers  of  hereditary  factors 
in  the  cells.  It  “generates”  the  nucleolus,  a  tiny,  rounded, 
water-colored  object  floating  in  the  protoplasm  of  the 
nucleus.  This  is  a  kind  of  sanctum  sanctorum.  The  “sub- 


each  of  these  new  porphyrins,  its  magnesium  salt,  or  phyllin,  was  prepared 
and  these  were  used  in  a  comparative  study  with  chlorophyll  from  the 
leaves. 

“From  these  fundamental  building  blocks.  Dr.  Rothemund  went  on  to 
build  the  more  complicated  patterns,  until  at  last  he  reached  the  half¬ 
way  mark. 

“At  the  half-way  stage  are  compounds  known  as  di-pyrrl  methenes. 
These  contain  two  pyrrole  rings  in  their  molecule,  whereas  the  more 
complex  porphyrins,  hemin  and  chlorophyll,  contain  four  pyrrole  rings. 

“Dr.  Rothemund  announced  he  had  synthesized  for  the  first  timie  the 
simplest  form  of  di-pyrryl  methene.  With  this,  as  well  as  with  natural 
di-pyrryl  methenes,  he  has  built  porphyrins  of  the  more  complicated 
structure  and  has  advanced  further  toward  the  summit  of  one  of  the 
science’s  most  coveted  mountaintops. 

“In  addition  to  comparing  the  nature  of  his  synthetic  substances  with  the 
action  of  chlorophyll  from  leaves.  Dr.  Rothemund  and  his  Antioch  asso¬ 
ciates  also  compared  their  artificial  products  with  the  substance  known 
as  proto-chlorophyll,  the  precursor  of  chlorophyll  in  nature. 

“Proto-chlorophyll  is  extracted  from  plants  grown  in  darkness.  Chloro¬ 
phyll  is  believed  to  be  the  child  of  a  union  between  proto-chlorophyll  and 
sunlight. 

“Dr.  Rothemund  reported  on  experiments  with  his  artificial  porphyrins 
on  rats.  When  the  rats  received  injections  of  small  quantities  of  the  syn¬ 
thetic  substances,  no  ill  effects  resulted  as  long  as  the  rats  were  kept  in 
darkness.  But  as  soon  as  they  were  exposed  to  sunlight  the  rats  grew  ill 
and  died  within  a  short  time. 

“A  similar  effect.  Dr.  Rothemund  reported,  was  observed  by  a  scientist 
who  injected  himself  with  a  minute,  diluted  solution  of  the  synthetic  sub¬ 
stances.  Sunlight  made  him  violently  ill  and  he  was  forced  to  stay  in  the 
darkness  for  ten  months  before  the  effects  wore  off.” 
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jects”  were  maize-cells.  Nucleoli  become  very  small  in 
cancer  growths.  The  dot  generating  the  nucleolus  was 
split  in  two  by  X-rays,  producing  two  instead.  The 
nucleolus  appears  to  be  the  holder  of  the  chromosome 
threads.  After  a  division  of  the  chromosome  material, 
nucleoli  reappear  in  the  new  cells  and  the  chromosomes 
disappear.  When  she  destroys  the  generating  substance 
with  X-rays  no  new  nucleolus  appears.  Instead  each 
chromosome  tries  to  grow  a  separate  nucleolus,  which 
appears  to  be  a  crude  knot  of  the  chromosome  spinning 
stuff. 

How  far  will  this  kind  of  chase  continue? 

At  any  rate  this  kind  of  research  leads  eminent  biolo¬ 
gists  to  cast  their  vote  for  ahiogenestSy  right  back  to  car¬ 
bon  dioxide,  water  and  air. 
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aging  and  0ts  'Cheories 


“It  is  difficult  to  philosophize  without  referring  to  death.” 

Schopenhauer 


I 

TIME  PASSES 


All  processes  progress  in  time.  And  time?  ^^Time  flows 
equably,”  says  Newton. 

If  we  accept  Newton’s  description,  only  one  thing  goes 
on  forever  unchangingly.  Time  itself.  Lesser  processes 
lose  themselves  in  this  flux  of  time.  They  occupy  space, 
have  a  material  constitution,  show  organization  and 
other  all-pervasive  characters,  including  change.  They 
do  not  go  on  forever  “equably.”  These  processes  may  be 
segmented  and  strung  along  the  time-axis  like  sausages, 
in  which  case  they  are  called  “events.”  Events  “succeed” 
one  another.  Little  events  combine  to  form  larger  ones, 
which  exhibit  a  large  variety  of  structures.  Life  is  a 
peculiar  complex  concatenation  of  events.  Like  all  events 
it  has  its  eventful  beginning  and  eventual  end.  The 
passage  of  time  in  the  course  of  life,  when  accompanied 
by  detectable  change,  is  called  “aging.”  When  the 
change  is  of  a  positive,  beneficent  kind  it  is  more  fittingly 
referred  to  as  “growth”  j  when  it  is  of  a  negative,  hurtful 
kind  it  is  called  “senescence.”  Whatever  happens  it  is 
aging,  nevertheless.  One  might,  perchance,  have  a  suc¬ 
cession  of  positive  and  negative  events,  forming  more  or 

less  rhythmic  cycles,  and  these  may  go  on  indefinitely. 
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In  that  case  one  would  be  aging  indefinitely,  till  some 
event  would  trip  in  the  cosmic  steeplechase.  If  we  had 
such  a  case,  we  would  say  that  our  perennial  long-liver 
had  died  of  an  accident,  or  of  a  very  rare  disease,  cosmic 
arrhythmia.*  The  inevitability  of  death  in  the  aging 
scheme — time  flowing  equably  and  inexorably — would 
be  the  inevitability  of  accident. 

We  age  and  die,  then,  either  through  a  fixed  plan  or 
by  accident.  A  completely  determined  world  and  a  world 
of  chance  both  furnish  the  opportunity  for  an  escape  or 
an  exit.  Take  your  choice. 

Waiving  the  issue  of  death,  we  should  prefer  a  long 
life  and  a  happy  one,  either  straight  as  an  arrow  or  a 
pleasant  sequence  of  cycles  of  youth,  maturity,  ^Re¬ 
juvenation,”  a  new  maturity,  and  so  on,  till  either  the 
cycles  get  weaker  or  ^Rosmic  arrhythmia”  gets  us.  The 
one  thing  we  dread  is  senility,  precipitous  and  calamitous 
in  its  rush  to  a  weakling  death. 

*  My  own  term. 


II 

AGAIN  DEFINITIONS 


Perhaps  a  warning  or  caveat  should  be  entered  here 
concerning  an  ambiguity  in  the  term  senescence.  At  vari¬ 
ous  times  it  refers  to  a  cell,  a  tissue,  an  organ,  or  to  an 
entire  body.  The  senescence  of  a  cell  may  involve  the 
senescence  of  a  body  and  vice  versa,  but  there  is  no 
necessary  connection  between  the  two.  It  is  entirely  a 
matter  of  evidence  from  experiment.  Certain  cells  may 
stay  young  in  old  bodies,  other  cells  may  be  called  old 
in  young  bodies.  How  long  the  disparity  may  continue  is 
also  an  issue  for  observation  of  current  cases  and  for  de¬ 
liberate  experiment.  Theories  should  really  be  sorted  as 
to  whether  they  refer  to  the  entire  body  or  to  a  simple 
cell.  Otherwise  there  is  dire  confusion.  At  one  extreme 
we  can  imagine  as  a  theoretical  case  a  perennially  young 
body  consisting  of  none  but  aging  and  dying  cells,  tissues 
and  organs,  which  may  conceivably,  be  replaced  by  artT 
f  dally  supplied  new  cells  at  an  unimpaired  rate.  At  an¬ 
other  extreme  we  can  imagine  another  theoretical  case 
of  a  swiftly  disorganizing  body  consisting  of  potentially 
immortal  cells,  which  merely  do  not  get  a  chance  to 
last  because  of  the  unfavorable  environment.  In  the  one 

case  our  problem  would  be  to  supply  outworn  parts  3  in 
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the  other,  it  would  be  to  prevent  parts  from  being 
grossly  injured.  It  is  very  important  to  point  out  what  it 
is  that  is  conceived  to  be  “aging”  in  the  bad  sense. 

The  problems  of  senescence  are  also  different  on  ac¬ 
count  of  the  specialization  of  the  tissues,  some  being 
organized  for  heavy  duty,  some  for  light.  In  such  cases 
some  authors  speak  of  the  “rank”  of  the  tissue.  W.  H. 
Thomson  makes  much  of  it:  “The  tissues  of  a  multi¬ 
cellular  body  are  by  no  means  all  of  the  same  rank. 
Some  are  merely  mechanical  in  their  function,  such  as, 
the  tendons  and  ligaments  or  the  cartilages  which  cush¬ 
ion  the  surfaces  of  joints.  But  other  cells  are  for  neces¬ 
sary  secretions.  Other  cells  again  are  much  higher  in  rank 
than  the  preceding,  namely,  the  muscle  cells,  but  the 
highest  of  all  is  a  new  cell  altogether,  the  nerve  cell, 
furnishing  the  most  perfect  instrument  for  promoting 
quick  coordination  in  the  whole  body.  Thus  it  is  diffi¬ 
cult  to  measure  the  differences  between  the  animal  cell 
Stentor  which  has  one  afferent  nerve  bringing  a  sensa¬ 
tion  to  its  one  center,  and  one  efferent  nerve  which  re¬ 
acts  to  the  stimulus,  and  the  vast  array  of  associated 
centers  with  their  connecting  fibres  in  the  nervous  sys¬ 
tem  of  a  cat.” 

The  distinctions  may  become  important  even  if  we  do 
not  subscribe  to  the  undemocratic  analogy  of  setting  up 
ranks.  Thus  one  kind  of  theory  (Metchnikoff)  describes 
life  as  a  struggle  between  primitive  cells  and  special¬ 
ized  cells.  Aging  and  death,  accordingly,  would  be  the 
triumph  of  the  former  over  the  latter.  We  need  not 
flatter  the  conqueror  or  deride  him.  We  must  note  that 
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he  is  of  a  different  kind.  Representative  of  the  primitive 
cells  are  conjunctive  cells  and  white  blood  corpuscles. 
For  that  matter,  neither  the  victors  nor  the  defeated 
may  age.  The  aging  is  that  of  the  higher  organization 
and  it  may  consist  largely,  as  both  Metchnikoff  and 
Voronoff  argued,  by  the  replacement  of  specialized  cells 
by  conjunctive  cells,  as  seems  to  be  apparent  in  the 
sclerosis  of  tissues  and  the  loss  of  brain  power  with  age. 

Everyone  who  proposes  a  theory  is  prone  to  select 
his  facts.  The  facts  are  the  various  correlations  of  any¬ 
thing  whatsoever  with  age.  Again  the  same  caveat  is 
necessary.  We  must  ask:  the  age  of  what?  The  in¬ 
evitable  answer  is:  the  age  of  the  whole  individual.  Sadly 
it  happens  to  be  an  answer  which  begs  the  whole  issue. 
The  purpose  of  the  correlations  is  to  find  out  really  what 
age  is,  and  yet  we  act  as  if  we  know  what  it  is  from  the 
very  start.  This  being  the  case,  we  begin  to  suspect  that 
we  cannot  use  the  word  “age’’  without  qualification  by 
an  adjective.  The  adjective  required  is  “chronological,” 
meaning  “as  recorded  by  the  calendar.” 

The  chronological  age  is  not  the  age  which  fixes  the 
life-span.  It  is  not  the  age  which  the  rebellious  body  is 
willing  to  accept  because  of  its  variable  experiences.  The 
body  sets  an  age  of  its  own  which  might  be  called 
“physiological”  age.  This,  too,  may  be  of  different  kinds, 
because  conceivably,  if  not  in  fact,  the  physiological  age 
of  the  body  may  be  an  impossible  amount  to  calculate 
from  the  physiological  ages  of  the  organs,  tissues,  and 
cells.  The  physiological  age  of  the  whole  individual  may 
not  be  as  easy  to  set  as  some  investigators  think.  If  they 
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set  it  by  the  blood  they  may  get  a  considerable  surprise 
from  other  quarters.  The  physiological  age  may  or  may 
not  fix  the  life  span. 

Another  complication  arises.  The  chronological  age 
of  a  cell,  a  tissue,  an  organ,  or  an  individual,  is  uniform 
at  least  above  the  cell  level,  and  ‘^^flows  equably.”  The 
physiological  age  conceivably  can  achieve  a  certain 
amount  of  inequality,  remain  stationary,  or  even  reverse. 
This  is  so  because  it  is  measured  relatively  to  the  chrono¬ 
logical.  Not  that  we  are  giving  it  as  a  fact,  but  only  con¬ 
ceivably,  some  tissue  or  other  may  function  better  in  an 
older  body.  In  that  case  from  the  physiological  point  of 
view  it  must  be  called  ^^younger.” 

With  us,  human  beings,  the  problem  of  definition  of 
^^age”  is  further  complicated  by  ^^psychological  age.” 
The  term  as  such  does  not  appear,  but  is  implied  in  the 
frequent  discussions  of  ^^psychological  time.”  As  we  get 
chronologically  and  physiologically  older  we  may  or 
may  not  get  older  in  several  senses  of  the  term  ^^psy¬ 
chological.”  In  one  sense  we  all  do  get  older, — our 
sense  of  the  passage  of  chronological  time.  Time  does  not 
flow  equably  at  all,  but  speeds  faster  and  faster.  For  a 
man  of  50  it  goes  four  times  as  fast  as  for  a  child  of  10. 
Philosophers,  as  a  rule,  would  refer  to  it  as  ^^subjective 
time.”  The  man  in  the  street  refers  to  it  by  complaining 
and  coining  pithy  summaries,  like  ^hime  flies.”  It  is  a 
very  intimate  thing.  We  have  seen  that  Bergson  tries 
hard  to  segregate  it  from  clock  time  not  only  quantita¬ 
tively,  but  qualitatively  by  calling  it  “duration.”  In  spite 
of  that  we  keep  constantly  checking  it  against  the  clock. 

P.  Lecomte  du  Noiiy,  chief  of  the  Division  of  Mo- 
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lecular  Biophysics  of  the  Pasteur  Institute,  Paris,  and 
formerly  associate  member  of  the  Rockefeller  Institute, 
a  scientist  of  great  note,  recently  wrote  a  book  on  ^^bio¬ 
logical  time.^’  He  is  not  very  careful  to  separate  it  from 
the  psychological.  This  is  so  because  he  apparently  be¬ 
lieves  that  both  are  set  by  the  pace  of  typical  chemical 
reactions.  Within  us  is  something  like  a  chemical  clock. 
His  specific  approach  is  based  on  the  revolutionary  work 
of  Carrel,  which  we  shall  discuss  further  on.  The  point 
to  be  made  is  that  ^^aging”  and  “life-span’’  are  con¬ 
sidered  from  a  more  internal  point  of  view  and  have 
different  meanings. 

We  might  multiply  caveats.  Our  intention,  however, 
is  merely  to  caution  the  reader  before  presenting  ex¬ 
amples  of  thought  and  research  on  aging  and  on  the 
struggle  against  aging,  because  there  is  such  a  confusion 
of  languages. 

Previously  we  have  given  many  old  and  some  new 
correlations  with  regard  to  longevity,  chronological 
longevity.  There  have  been  many  more  investigations 
which  were  less  ambitious  and  were  content  with  estab¬ 
lishing  correlations  with  age,  chronological  age,  without 
daring  to  predict  therefrom  the  actual  life  span,  chrono¬ 
logical  life  span.  An  old  body,  for  example,  might  con¬ 
tinue  for  a  century.  The  correlations  have  no  legislative 
power.  The  predictions  are  usually  the  legislations  of 
theory,  which  in  turn  has  no  executive  power. 

Let  us  review  some  of  the  correlations  with  age,  and 
possibly  with  the  essential  process  of  aging  itself.  Almost 
at  random  one  picks  up  abstracts  on  changes  in  the 
cartilage  of  the  ribs,  changes  in  nerve  cells,  changes  in 
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the  laryngal  mucous  membrane,  in  the  prostate,  in  the 
connective  tissue  of  the  liver,  in  the  pulmonary  valves, 
in  the  capillaries,  in  the  long  bones,  in  the  stomach,  in  the 
Purkinje  cells,  in  the  olivary  bodies,  in  the  head  hair,  in 
the  dentine,  in  the  haemoglobin,  in  the  neurons,  in  the 
thymus,  in  the  pigmentation  of  the  iris,  in  the  glutathi¬ 
one  of  the  blood.  More  dynamic  studies  deal  with  the 
changes  in  pulse  energy,  cardiac  function,  the  accom¬ 
modation  of  the  eyes,  the  elasticity  of  arteries,  the  pepsin 
secretion  of  the  stomach,  in  prolan  excretion.  Still  more 
ambitious  are  studies  in  functional  tests  of  all  sorts  and 
resistance  to  disease  as  shown  by  antibody  curves  and  the 
like,  fertility,  and  what  not. 

The  bane  of  all  these  efforts  to  correlate  is  the  diffi¬ 
culty  of  eliminating  effects  caused  by  disease  in  order  to 
get  a  pure  age  effect,  even  if  the  correlation  is  only  with 
chronological  age.  It  is  for  technical  scientists  to  fight 
over  these  things.  The  indications  are  that  they  will 
for  a  long  time  to  come.  The  disputes  about  the  meth¬ 
ods  alone  have  filled  volumes,  volumes  on  histology, 
anatomy,  physiology,  biochemistry,  biophysics,  clinical 
medicine.  Besides,  the  mere  use  of  a  correct  method  for 
one  factor  is  insufficient.  The  story  is  not  adequate  unless 
all  the  important  factors  are  considered.  Thus,  Sherman 
refused  to  be  impressed  by  such  hard  facts  as  the  data 
on  the  inheritance  of  longevity.  He  pointed  out  that  no 
attention  was  given  to  the  diets  used  in  families,  and 
that  diet  does  affect  longevity,  at  least  in  rats.  Was  it 
inheritance  or  persistence  of  dietary  habits? 

One  should  not  omit  from  mention  the  psychological 
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correlations  with  aging.  They  need  not  exactly  coincide 
with  the  physiological.  Nor  do  they.  One  is  minded  of 
experiments  on  reaction  time.  The  curve  obtained  is 
quite  different  from  the  one  gets  in  following  an  un¬ 
conscious  process,  like  the  healing  of  a  wound,  which  is 
definitely  a  purely  physiological  process.  Both  the  very 
old  and  the  very  young  have  a  longer  reaction  time  than 
the  adolescent  and  adult.  There  is  a  fairly  flat  plateau 
between  ii  and  50  with  a  minimum  between  21  and  30 
years.  In  this  sense  we  can  say  that  we  are  ^^youngest’’ 
in  the  middle  of  life,  notwithstanding  the  probable 
physiological  argument  that  in  the  first  period  we  are 
merely  undeveloped,  that  the  impairment  in  youth  is  due 
to  insufficient  equipment  and  that  the  impairment  in  old 
age  is  due  to  injury  to  the  equipment.  From  the  view¬ 
point  of  this  particular  psychological  test,  however,  the 
physiological  background  does  not  seem  to  matter.  It 
would  matter  if  something  more  discriminating  than 
mere  reaction  time  were  used  as  a  test.  It  were  wiser, 
perhaps,  to  make  the  psychological  tests  run  a  closer 
parallel  to  the  physiological  ones.  It  were  wiser,  if  it 
were  possible.  Whether  it  is  possible  or  not  is  to  be  de¬ 
termined  in  the  laboratory. 

Whether  ^^mental  aging”  is  in  a  class  by  itself  and 
whether  there  is  a  unique  “spiritual  aging”  are  open 
questions.  Some  may  deny  that  clear  meaning  can  be 
given  to  them.  In  that  case  an  experimental  decision  is 
equally  devoid  of  clear  meaning.  Some  may  assert  that 
these  are  the  only  ones  that  matter.  Most  people  have  a 
repugnance  to  admitting  a  strict  parallelism  between 
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their  mental  and  moral  progress  and  their  physiological 
make-up.  And,  indeed,  it  looks  preposterous  to  claim  too 
close  a  connection,  till  we  are  confronted  with  all  sorts 
of  neurological  investigations  and  with  the  collapses  due 
to  senility,  which  are  perceived  to  have  been  a  long  time 
in  preparation  both  physiologically  and  mentally.  The 
rates,  however,  differ  materially.  First  rank  psycholo¬ 
gists  persist  in  stressing  that  some  mental  factors  im¬ 
prove  while  others  deteriorate.  Long  after  the  impair¬ 
ment  of  memory  the  power  of  making  comparisons  and 
inferences  and  the  moral  sense  improve.  On  the  other 
hand  there  are  psychologists  who  tell  us  that  we  retain 
certain  infantile  characteristics  right  through  our  lives. 
It  is  all  like  being  young  and  old  in  spots.  The  hardest 
distinction  about  aging  that  confronts  us  is  that  which 
qualifies  it  as  ^^psychological.” 

We  are  not  quite  through  with  the  possible  adjectives 
that  can  be  made  to  modify  the  noun  aging.  There  seems 
to  be  a  possibility  of  a  ^^sociological”  aging.  Once  people 
are  thought  of  as  old  they  seem  to  enter  a  new  class. 
This  class  has  some  privileges,  many  drawbacks.  We  are 
all  familiar  with  a  large  number  of  people  who  try  in 
one  way  or  another  to  enter  or  escape  some  age  group 
set  for  them,  not  merely  by  their  chronological  or 
physiological  age  but  by  the  social  labels  attached  to 
such  groups.  Beard-growing  youngsters,  boastful  non¬ 
agenarians,  persistent  bachelors  of  uncertain  age,  face¬ 
lifted  beauties,  are  some  of  the  varieties  of  what  should 
be  called  “sociological”  senescence  and  rejuvenation.  A 
good  deal  that  passes  for  psychological  is  better  under¬ 
stood  as  sociological.  And  it  is  quite  conceivable  that 
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some  phenomena  that  are  carelessly  labelled  physio¬ 
logical  may  in  turn  be  better  described  as  psychological 
or  as  sociological.  When  a  man  stoops  is  he  necessarily 
old? 


Ill 

THE  BEGINNINGS  OF  THEORY 


It  is  a  difficult  task  to  classify  theories  of  aging  and 
senescence  on  account  of  the  haziness  enveloping  the 
entire  subject.  An  excursion  through  history  would  prob¬ 
ably  increase  the  confusion.  We  would  have  a  long 
series  of  opinions,  as  ^^so  said  Aristotle,”  and  ^^so  said” 
a  host  of  more  or  less  celebrated  people,  till  we  should 
get  the  impression  that  almost  anything  can  be  said  or 
has  been  said.  All  we  propose  to  do  is  to  drag  into  the 
light  a  few  of  the  curious  suggestions  and  then  promptly 
proceed  to  the  efforts  of  modern  scientists. 

Aristotle,  curiously  enough  for  a  revolutionary  vital- 
ist,  entertained  what  seems  to  have  been  an  entirely 
physical  theory  of  old  age.  He  conceived  it  to  be  due 
to  the  gradual  dissipation  of  heat.  The  heat  was  supposed 
to  be  developed  in  the  heart,  and  the  hardening  of  the 
lungs  was  supposed  to  be  the  immediate  cause  of  inter¬ 
ference  with  heat  regulation.  Was  Aristotle  anticipat¬ 
ing  in  a  sense  the  second  law  of  thermodynamics,  which 
makes  the  dissipation  of  heat  an  inevitable  thing  in  an 
isolated,  changing  system? 

As  for  the  rest  of  the  old  theories  clues  were  taken 

from  any  analogy  that  turned  up.  Modern  amateurs 
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very  often  repeat  the  most  ancient  speculations  in  one 
form  or  another.  Gravitation  has  been  invoked  time  and 
again  as  a  determining  cause  in  bending  the  old  to  the 
grave.  It  seems  that  it  has  reached  a  very  sophisticated 
form  in  a  recent  proposal  to  explain  the  aging  process  as 
due  to  an  accumulation  of  heavy  water  in  the  tissues.  Of 
course  it  was  not  given  out  of  deference  to  gravitation. 
Its  main  support  is  the  observation  that  some  physio¬ 
logical  processes,  as  the  sprouting  of  seeds,  are  slowed 
up  in  heavy  water.  The  results  claimed,  however,  are 
tremendously  out  of  proportion  because  the  old  tissues 
on  actual  test  show  little,  if  any,  increase  in  heavy  water. 

The  suggestion  that  we  age  and  die  of  insufficient 
sleep  as  a  direct  cause  comes  up  very  often.  The  accu¬ 
mulation  of  invisible  dirt  particles  or  of  earthy  salts  is 
usually  a  first  approach  to  a  chemical  explanation.  Lime 
is  cannily  given  first  place.  Silica  was  mentioned  long 
before  silicosis  was  ever  thought  of.  Sometimes  a  general 
vague  expression  satisfies  someone’s  instinct  for  explana¬ 
tion.  Good  examples  of  this  sort  are  the  phrases  “organic 
disharmony”  and  “blurring  of  the  brain.”  An  early  an¬ 
ticipation  of  some  rather  mystifying  psychoanalytic  in¬ 
sights  concerning  the  “death  wish”  is  contained  in  an 
old  explanation  that  we  die  from  a  mere  lack  of  in¬ 
centive  to  live.  It  has  been  sufficient,  however,  to  con¬ 
vert  an  inveterate  enemy  of  doctors,  George  Bernard 
Shaw,  who  presses  the  priority  of  will  so  insistently  in 
“Back  to  Methuselah.”  These  examples  are  merely 
typical. 


IV 

A  FEW  MODERN  THEORIES 


a.  Principal  Factors 

R.  Pearl  and  J.  R.  Miner  have  given  a  systematic 
analysis  of  major  factors  in  death.  These  may  serve  as  a 
guide  to  senescence.  They  are: 

A.  Endogenous  senescence^  in  which  the  wear  is  due  to  in¬ 
ternal  functioning.  This  is  present  in  complex  organisms 
(metazoa)  but  may  be  absent  in  forms  that  never  stop 
growing  (unicellular  organisms) . 

B.  Exogenous  senescence^  produced  by  environment  and  dis¬ 
eases.  It  is  cumulative  and  starts  with  life.  Examples  are 
protoplasmic  hardening  and  lowering  of  metabolism.  In 
this  sense  senescence  is  continuous.  (Minot) 

C.  Genetic  constitution^  either  or  both 

(a)  Specific,  relative  to  life  duration  'per  se  (individual). 

(b)  Non-specific,  relative  to  life  duration,  but  determina¬ 
tive  of  the  constitution  (biological  personality)  of  the 
individual. 

D.  Rate  of  Iwingy  including  growth,  metabolism,  reproduc¬ 
tion,  and  all  other  functions. 

E.  Immediately  lethal  accidents y  which  may  also  reflect  par¬ 
tial  constitutional  weakness. 
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These  five  may  overlap  and  perhaps  should  be  ar¬ 
ranged  as  three  general  variables:  genetic  constitution; 
activity y  such  as  growth,  repair,  movements  j  and  en¬ 
vironment.  All  the  three  are  present  together,  and  any 
discussion  that  ignores  any  one  is  likely  to  go  on  the 
rocks. 

There  is  much  material  to  be  poured  into  moulds  of 
this  kind  by  someone  who  would  undertake  a  complete 
synthesis  in  the  future.  What  are  some  of  the  data  and 
theories  presented  so  far? 

Biitschli  (1882)  concluded  that  old  age  and  death  are 
due  to  the  exhaustion  of  the  supply  of  a  certain  ^dife, 
ferment”  inherited  in  the  embryo  j  while  Muller,  and 
after  him  Cohnheim,  found  the  causes  of  old-aging  in 
the  general  make-up  of  the  animal  organism,  its  physio¬ 
logical  imperfections  and  tendency  to  ^Aun-down”  in 
time. 

Jickeli  (1902)  put  forward  the  hypothesis  that  se¬ 
nescence  results  from  imperfect  metabolism  within  the 
cell  and  the  subsequent  clogging  of  the  cytoplasm  with 
injurious  waste. 

Montgomery  (1906)  believed  that  owing  to  restric¬ 
tions  of  its  environment  in  the  tissues,  waste  products 
accumulate  in  the  cell  and  that  certain  of  these  products 
are  poisonous  to  protoplasmic  life,  or  become  so  when 
not  removed.  Senescence  is  a  general  result  of  this  con¬ 
dition. 

We  see,  then,  heredity,  necrosis  of  cells,  cellular  old 
age  and  a  certain  amount  of  chemical  change  featured 
as  the  responsible  factors. 
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b.  Metchnikoff 

The  term  ‘^auto-intoxication’’  came  into  vogue  after 
Metchnikoff ’s  proposal  to  explain  senescence  as  due  to 
an  increased  tendency  to  fermentation,  especially  in  the 
long  intestine.  The  chemical  bodies  get  into  our  system 
and  poison  us.  The  result  of  the  poisoning  is  that  the 
native  capacities  of  the  various  tissues  and  organs  of  the 
body  are  lowered,  as  happens  in  a  man  “intoxicated.” 
The  tissues  may  thus  develop  sclerotic  changes  through 
lesions  caused  by  these  toxins. 

Metchnikoff  adduced  scientific  evidence  that  the  more 
primitive  cells  (macrophages,  phagocytes)  find  these 
conditions  more  favorable  for  existence  than  the  highly 
organized  cells  of  tissue  and  nerve.  Indeed  they  live  at 
their  expense. 

The  phagocytes,  for  instance,  devour  pigment  in  the 
hair,  and  in  old  persons  the  production  of  white  hair  has 
resulted  from  the  activity  of  phagocytes  which  have 
eaten  the  pigment  which  should  have  remained  in  the 
hair  and  kept  its  color.  But  the  pigment  of  the  hair  is 
not  the  only  thing  they  will  attack  j  they  will  make  their 
aggressive  inroads  upon  any  part  of  the  body. 

A  word  from  Metchnikoff  himself  puts  it  into  a  nut¬ 
shell,  and  is  not  at  all  dogmatic:  “I  think  it  is  indubitable 
that  in  senescence  the  most  active  factor  is  some  altera¬ 
tion  in  the  higher  cells  of  the  body,  accompanied  by  a 
destruction  of  these  by  macrophages  which  gradually 
usurp  the  places  of  the  higher  elements  and  replace  them 
by  fibrous  tissue.  Such  a  process  affects  the  organs  of 
secretion  (kidneys),  the  reproductive  organs,  and  in  a 
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modified  form  the  skin,  the  mucous  membranes  and  the 
skeleton.  The  testes  are  amongst  the  organs  which  resist 
invasion  by  macrophages.’’ 

Note  his  flexible  allusion  to  ^^some  alteration”  as  one  of 
the  roots  of  the  trouble.  His  efforts  to  replace  the  intes¬ 
tinal  flora  by  the  Bulgarian  bacillus,  which  he  thought 
would  produce  less  or  none  of  the  toxins,  are  well  known. 
The  data  adduced  by  him  concerning  the  longevity  of  the 
Bulgars  may  be  questioned,  yet  the  increased  acidity  due 
to  the  presence  of  the  sour  milk  bacillus  in  the  lower  in¬ 
testine  is  beyond  question,  its  beneficial  effect  on  health  is 
very  likely,  and  the  maintenance  of  good  health  to  enable 
one  to  fill  out  a  life-span  is  also  very  reasonable.  Metch- 
nikoff  was  not  after  an  intrinsic  change  in  the  potential 
longevity  of  man.  He  believed  we  were  far  from  it, 
since  he  thought  it  reasonable  to  set  it  at  one  hundred  and 
eighty-five  years  by  analogy  to  the  spans  of  animals,  so 
that  all  he  preached  was  calculated  to  counteract  negative 
elements  rather  than  to  introduce  unheard  of  positive 
ones. 

Metchnikoff’s  theory  is  not  necessarily  inconsistent 
with  rival  proposals,  such  as  the  older  one  by  Brown- 
Sequard  that  senescence  is  caused  by  the  sclerotic  changes 
in  the  blood  vessels.  It  is  all  a  question  of  what  the  in¬ 
vestigator  picks  out  as  the  first  cause  in  a  complex  func¬ 
tional  situation  which  may  not  strictly  have  a  unique 
first  cause.  Many  points  of  view  could  probably  be  tied 
together  by  admitting  that  the  same  result,  senescence, 
could  be  obtained  by  many  paths  initiating  in  many  ways. 
Unfortunately  investigators  prefer  to  argue  point  by 
point,  instead  of  taking  the  whole.  A  follower  of  Metch- 
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nikoff  could  agree  with  Brown-Sequard,  adding  point¬ 
edly  that  the  sclerotic  change  itself  was  produced  by  the 
rampage  of  the  “scavenger/’  primitive  cells  or  by  toxins. 
But  then  along  would  come  an  investigator,  like  Victor 
Horsley,  and  would  also  agree  with  Brown-Sequard, 
placing,  however,  the  responsibility  for  sclerosis  not  on 
intestinal  putrefaction  as  a  first  cause  but  on  the  degen¬ 
eration  of  the  thyroid  gland.  Lorand  would  put  the  re¬ 
sponsibility  on  the  thyroid,  adrenals  and  gonads  j  others, 
on  all  the  ductless  glands.  But,  someone  might  ask, 
why  do  those  degenerate?  Why  does  anything  degen¬ 
erate,  be  it  intestine,  cell,  gland?  And  so  the  circle  of 
argument  goes  on  and  on.  What  remains  are  some  gen¬ 
eralities  which  have  only  a  guiding  value  of  a  kind.  Note, 
as  an  outstanding  example.  Osier’s  stress  on  the  dictum 
about  a  man  being  as  old  as  his  arteries.*  Well  enough, 
but  the  scientific  investigation  only  begins  or  may  begin 
at  such  a  point.  Nothing  ultimate  or  even  specific  is 
settled  by  it. 

Milchman,  also  a  Russian,  represents  another  tend¬ 
ency  of  generalization,  namely,  to  work  out  a  correla¬ 
tion  on  wide  lines,  although  obviously  it  could  hardly  be 
a  primary  cause.  Noting  that  a  child  loses  heat  with 
comparatively  great  rapidity  and  an  old  man  at  a  com¬ 
paratively  slow  rate,  he  finally  finds  that  the  diminution 
of  the  surface  in  proportion  to  the  bulk  of  the  body  is 
characteristic  of  the  old,  and  he  concludes  that  we  be¬ 
come  old  because  we  do  not  have  proportionately  sur¬ 
face  enough  left. 

*  Osier  wrote :  “Longevity  is  a  vascular  question,  and  has  been  well 
expressed  in  the  axiom  that  a  man  is  only  as  old  as  his  arteries.” 
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This  kind  of  conclusion  is  of  what  we  have  called  the 
^Tnevitabilist”  variety.  Unless  we  grow  in  hyperspace 
or  elongate  indefinitely,  there  is  no  remedy. 


c.  Minot 

An  outstanding  Inevitabilist  theory,  which  goes  to  the 
very  cells  for  revelation,  is  that  of  Minot.  For  him  death 
is  an  accompaniment  of  development  3  it  is  not  merely 
the  price  paid  for  it  but  part  and  parcel  of  it.  Life,  ac¬ 
cording  to  him,  is  maintained  partially  by  the  continual 
death  which  goes  on  simultaneously  in  the  minute  or¬ 
ganisms  of  one  body  here  and  there.  It  is  a  modern  trans¬ 
formation  of  a  vitalist  formula  stating  the  dependence  of 
life  on  decomposition, — ^^The  end  was  formation,  the 
means  was  decay,”  all  being  credited  to  an  ^^organizing 
atom.”  Minot  *  presents  it  merely  as  empirical  physi¬ 
ology.  His  list  of  the  causes  of  death  in  cells  is  instructive: 

First.  Causes  of  Death. 

A.  External  to  the  organism. 

(1)  Physical  (mechanical,  chemical,  thermal,  etc.). 

(2)  Parasites. 

B.  Changes  in  intercellular  substances  (probably  primarily 

due  to  cells) . 

( 1 )  Hypertrophy. 

(2)  Induration. 

(3)  Calcification. 

(4)  Amyloid  degeneration  (infiltration). 

C.  Changes  inherent  in  cells. 

Second.  Morphological  changes  of  dying  cells. 

A.  Direct  death  of  cells. 

*  T/ie  Problem  of  A ge^  Gro'wth  and  Death.  John  Murray,  London,  and 
G.  P.  Putnam’s  Sons,  New  York. 
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( 1 )  Atrophy. 

(2)  Disintegration  and  resorption. 

B.  Indirect  death  of  cells. 

(1)  Necrobiosis  (structural  change  precedes  final 
death). 

(2)  Hypertrophic  degeneration  (growth  and  struc¬ 
tural  change  often  with  nuclear  proliferation  pre¬ 
cede  final  death). 

Third.  Removal  of  cells. 

A.  By  mechanical  means  (sloughing  or  shedding). 

B.  By  chemical  means  (solution). 

C.  By  phagocytes. 

Indirect  Death  of  Cells 

A.  Necrobiosis. 

(i)  Cytoplasmic  changes: 

(a)  Granulation. 

(b)  Hyaline  transformation. 

(c)  Imbibition. 

(d)  Desiccation. 

(e)  Clasmatosis. 

2.  Nuclear  changes. 

(a)  Kargorhexis. 

(b)  Karyolysis. 

B.  Hypertrophic  degeneration. 

( 1 )  Cytoplasmic. 

(a)  Granular. 

(b)  Cornifying. 

(c)  Hyaline. 

(2)  Paraplasmic. 

(a)  Fatty. 

(b)  Pigmentary. 

(c)  Mucoid. 
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(d)  Colloid,  etc. 

(3)  Nuclear  (increase  of  chromatin). 

His  studies  of  the  rates  of  growth  led  him  to  the  some¬ 
what  comforting  conclusion  that  the  period  of  old  age, 
so  far  from  being  the  chief  period  of  decline,  is  in  reality 
essentially  the  period  in  which  the  actual  decline  going 
on  in  each  of  us  will  be  least.  He  felt,  therefore,  that  the 
study  of  the  very  young,  of  the  young  embryo,  and  of 
the  germ,  would  give  the  greatest  amount  of  insight. 
The  detailed  study  of  cell  differention,  nevertheless,  did 
not  blind  him  to  the  fact  that  there  is  a  physiological  ob¬ 
ject  back  of  it,  and  that  the  higher  organism,  with  its 
complex  physiological  relations,  is  something  really 
higher  in  structure  than  the  lower  organism.  At  the 
same  time  he  stressed  the  conception  that  the  growth  and 
differentiation  of  the  protoplasm  are  the  cause  of  the 
loss  of  the  power  of  growth. 

An  important  statement  by  Minot  is:  ^Hhe  cycle  of 
life  has  two  phases,  an  early  brief  one,  during  which  the 
young  material  is  produced,  then  the  later  and  pro¬ 
longed  one,  in  which  the  process  of  differentiation  goes 
on,  and  that  which  was  young,  through  a  prolonged 
senescence,  becomes  old.  I  believe  these  are  the  alternat¬ 
ing  phases  of  life,  and  that  if  we  define  senescence  as  an  in¬ 
crease  and  differentiation  of  the  protoplasm,  so  we  must 
define  rejuvenation  as  an  increase  of  the  nuclear  ma¬ 
terial.  The  alternation  of  phases  is  due  to  the  alternation 
in  the  proportions  of  nucleus  and  protoplasm.” 

One  must  remember  that  Minot  did  not  claim  that  all 
cells  die  from  internal  causes.  He  excepted  the  lower 
organism.  With  them  death  was  supposed  to  be  purely 
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the  result  of  accident.  Natural  death  had,  therefore, 
been  acquired  in  the  process  of  evolution.  The  march  of 
evolution  is  pictured  as  quite  specific.  That  every  ani¬ 
mal  must  live  long  enough  to  reproduce  its  kind  is  a 
fundamental  principle,  which  is  easily  converted  into 
an  argument  that  after  reproduction  there  is  not  much 
use  for  living  on  from  the  viewpoint  of  this  kind  of 
simple  evolutionary  theory.  Minot  is  too  fatalistic  to 
accept  any  wear  or  tear  theory.  Longevity  depends  upon 
the  rate  of  cytomorphosis.  If  that  cytomorphosis  is  rapid 
the  fatal  condition  is  reached  soon,  if  it  is  slow,  the  fatal 
condition  is  postponed. 

We  let  Minot  speak  again  to  give  his  principal  con¬ 
clusions:  “We  can  formulate  the  following  laws  of  cyto¬ 
morphosis: 

First:  Cytomorphosis  begins  with  an  undifferentiated  cell. 
Second:  Cytomorphosis  is  always  in  one  direction,  through  pro¬ 
gressive  differentiation  and  degeneration  of  the  cells. 

Third :  Cytomorphosis  varies  in  degree  characteristically  for  each 
tissue. 

“We  may  add  that  reverse  cytomorphosis  is  not  known 
to  occur,  or,  in  other  words,  differentiated  material  can¬ 
not  be  restored  to  the  undifferentiated  condition. 

“Finally  if  my  arguments  before  be  correct,  we  may 
say  that  we  have  established  the  following  four  laws  of 
age: 

1.  Rejuvenation  depends  on  the  increase  of  the  protoplasm. 

2.  Senescence  depends  on  the  increase  of  the  protoplasm,  and  on 
the  differentiation  of  the  cells. 

3.  The  rate  of  growth  depends  on  the  degree  of  senescence. 
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4.  Senescence  is  at  its  maximum  in  the  very  young  stages,  and 
the  rate  of  senescence  diminishes  with  age. 

the  corollary  from  these,  we  have  this — natural 
death  is  the  consequence  of  cellular  differentiation.” 

d.  The  Physician  Speaks 

Pathologists  and  practicing  physicians,  often  con¬ 
fronted  by  death,  tend  to  be  Inevitabilists.  One  might 
think  that  a  pathologist  might  look  upon  old  age  as  a 
disease,  but  he  finds  too  much  in  it  to  call  it  merely  that. 
A.  S.  Warthin  is  a  member  of  such  a  group  who  sees 
senescence  as  a  ^^physiological  entity,”  the  result  of  an 
“involution”  process  inherent  in  the  organism.  His  de¬ 
scription  sets  forth  an  inexorable  theory  in  the  precision 
of  the  stages:  “The  curve  of  life  will  show  an  ascend¬ 
ing  portion,  the  period  of  growth  (evolution),  its  apex 
a  relatively  short  plateau  (maturity),  and  the  descend¬ 
ing  curve  the  period  of  retrogression  (involution). 
These  3  main  divisions  of  the  individual  life  fall  into 
2  periods,  the  relatively  short  intrauterine  period  of  lO 
lunar  months,  and  the  much  longer  extrauterine  period 
that  may  be  extended  through  9  or  10  decades,  but 
usually  only  7  or  less.  The  intrauterine  period  divides 
itself  naturally  into  2  sections,  the  embryonic  and  the 
fetal,  the  line  of  demarcation  between  the  two  being 
fixed  by  the  completion  of  sex  differentiation  in  the 
third  month.  The  fetal  period  covers  the  remainder  of 
the  10  lunar  months  to  birth.  The  three  main  divisions 
of  extrauterine  life,  evolution,  maturity,  and  involu¬ 
tion,  fall  naturally  into  nine  sub-divisions.  The  period 
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of  childhood — one  to  seven  years  inclusive, — shows  two 
very  distinct  divisions,  that  of  the  nursling  and  that  of 
neutral  infancy.  The  first  of  these  represents  the  first 
year  of  life,  the  second,  the  age  period  from  two  to  seven 
inclusive.  The  period  of  neutral  infancy  consists  in  itself 
of  two  well  marked  divisions  in  the  normally  develop¬ 
ing  child,  the  period  two  to  four  known  as  Surgor  I  and 
that  from  five  to  seven  known  as  Proceritas  I.  The  nurs¬ 
ling  period  is  the  toothless  age,  that  of  neutral  infancy  is 
coincident  with  the  milk  teeth.  The  period  of  youth  ex¬ 
tends  from  eight  to  twenty-one  years  and  it  also  subdi¬ 
vides  into  2  main  periods,  that  of  the  pre-adolescent  or 
bisexual  stage  eight  to  fifteen  years,  and  that  of  puberty 
sixteen  to  twenty-one  years.  In  the  pre-adolescent  period 
there  also  occur  2  distinct  phases,  Surgor  II,  eight  to  ten 
years,  and  Proceritas  II,  eleven  to  fifteen  years.  The 
period  of  youth  is  the  period  of  development  of  the  per¬ 
manent  teeth.  The  period  of  maturity,  that  of  reproduc¬ 
tive  activity,  extends  from  twenty-one  to  sixty  years  and 
may  also  be  sub-divided  into  2  divisions,  that  of  full  sex¬ 
ual  power  twenty-one  to  forty  years  and  ripe  age,  forty- 
one  to  sixty  years.  The  final  period,  that  of  senescence, 
extends  from  sixty-one  to  one  hundred,  or  to  the  end 
of  life.  During  this  period  the  teeth  are  lost.  The  different 
periods  of  extrauterine  life  may  also  be  characterized  as 
the  play  age  (one  to  seven),  the  school  age  (eight  to 
twenty-one),  the  sexual  and  working  age  (twenty-one  to 
sixty),  and  the  age  of  chronic  fatigue,  the  resting  age 
(sixty-one  to  one  hundred). 

^^During  the  developmental  period,  which  has  already 
been  sketched,  broadly  rather  than  in  full  detail,  the 
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human  organism  passes  through  well  defined  stages  of  a 
unicellular  animal,  a  metazoan  invertebrate,  and  a  verte¬ 
brate  animal,  and  finally  reaches  the  height  of  its  evolu¬ 
tionary  progression  as  a  mammal,  in  morphology  and 
function  similar  to  other  mammalian  animals. 

^^Throughout  the  whole  period  of  growth  up  to  ma¬ 
turity  the  progress  of  the  individual  life  consists  of  an 
interlocking  of  growth  processes  and  involution  proc¬ 
esses,  all  of  which  are  necessary  to  complete  develop¬ 
ment. 

“The  aging  process  consists,  therefore,  of  a  combina¬ 
tion  of  organ  involutions  and  tissue  involutions,  shown 
histologically  by  well  defined  tissue  lesions,  and  mani¬ 
fested  clinically  by  descending  function  curves.  While 
these  individual  tissue  involutions  and  organ  involutions 
begin  at  different  times,  and  are  more  or  less  inde¬ 
pendent  of  one  another,  each  single  line  of  involution, 
once  well  initiated,  may  through  the  weakening  or  loss 
of  a  given  function  initiate  or  strengthen  retrogressive 
changes  in  other  organs. 

“We  are  defending  the  thesis  that  senescence  is  a 
normal  involutionary  process.’’ 

Warthin  speaks  of  a  “gradually  weakening  energy 
charge,”  set  in  action  by  the  moment  of  fertilization. 
The  germ  plasm  keeps  going  by  the  renewal  of  this 
energy  charge.  This  borders  very  much  on  the  old 
vitalistic  determinisms.  Why  should  this  something  dis¬ 
sipate?  And  what  is  an  “energy  charge”  anyhow?  Hypo¬ 
thetical  energies  are  hardly  more  substantial  than 
hypothetical  substances.  They  are  postulates  not  facts. 
Furthermore  there  is  no  energy  without  matter,  and  the 
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whole  distinction  becomes  idle  if  one  imagines  that  an 
improvement  in  theory  is  made  by  the  substituting  of 
words.  If  there  is  a  ^^something”  back  of  aging  it  is  both 
energy  and  matter.  Call  it  ^‘^matter-energy’’  in  the  man¬ 
ner  of  another  recent  hybrid  “space-time.” 


e.  Inevitabilists 

The  notion  of  fixity  has  been  carried  on  in  many  in¬ 
vestigations  running  into  the  immediate  present.  A 
theory  much  in  favor  with  some  geneticists  is  that  the 
life-span  is  inexorably  set  in  the  body  as-it-were  by  a 
system  of  time-clocks  set  a-ticking  by  heredity.  Their 
location  is  in  the  genes  which  are  the  carriers  of  heredity 
in  the  cells  of  body  organs.  Each  organ  may  thus  be  set 
for  its  “natural”  span.  Thus  Prof.  Charles  R.  Stockard 
of  Cornell  University  Medical  College  is  one  of  those 
who  sees  such  fixity  in  a  “death  inheritance”  in  some  ex¬ 
periments  of  his  showing  the  inheritance  of  the  paralyses 
in  certain  muscles  of  the  hind  legs  of  hybrid  dogs  (Great 
Danes  and  St.  Bernards)  at  the  age  of  3  months.  Certain 
motor  and  sympathetic  nerve  cells  in  the  gray  matter  of 
a  limited  region  of  the  spinal  cord  seem  to  inherit  an 
extremely  abbreviated  life-span.  The  other  nerve  cells 
outlive  them  greatly.  Prof.  Stockard  eliminated  the 
possibility  of  infection  and  argues  for  the  interpretation 
that  a  spontaneous  death  occurs,  especially  since  only 
the  same  few  segments  of  the  spinal  cord  are  affected. 
Yet  the  same  observer  has  also  noted  serious  glandular 
disturbances  in  the  same  dogs.  What  if  some  adjustment 
of  these  would  cure  this  “death  inheritance”?  Some- 
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how,  it  seems,  the  sting  would  be  taken  out  of  such  an 
inexorable  death  sentence  as  a  strict  determination  by 
bodily  time-clocks  would  imply. 

f.  A  Chemist  Stumbles 

From  a  chemical  point  of  view  old  age  has  been  de¬ 
scribed  as  associated  with  a  marked  decrease  in  the 
catalytic  activity  of  body  enzymes  and  cells.  One  of  the 
definitions  of  a  catalyst  is  that  it  is  a  substance  which 
assists  in  a  chemical  reaction,  but  as  a  net  result  re¬ 
mains  unaltered  by  it.  When  this  “unalterable”  catalyst 
changes,  nevertheless,  it  is  said  to  be  “poisoned”  and  it 
can  be  “revivified”  by  the  removal  of  the  attached  poi¬ 
son.  The  attachment  is  of  a  very  intimate  character  and 
has  the  special  name  of  “adsorption.”  The  revivification 
is  a  “desorption.”  It  is  hard  to  understand,  therefore, 
why  Dhar,  a  colloid  chemist,  insists  that  aging  is  an 
Inherent  property  of  the  cells,  that  is,  that  it  is  inevitable 
that  the  catalysts  (enzymes)  should  be  gradually  poi¬ 
soned.  He  forgets  like  many  other  people,  in  the  bias 
of  an  unconsciously  assumed  point  of  view,  the  chemical 
phenomena  which  do  not  fit  his  point  of  view.  Further 
arguments  deal  with  the  fact  that  the  body  consists 
largely  of  colloids  or  of  materials  essentially  insoluble 
in  water  but  so  finely  dispersed  as  to  form  very  fine 
emulsions,  so  fine  as  to  be  designated  by  the  special  name 
of  “colloidal  solutions,”  and  that  these  colloids  age  as 
an  Inherent  property.  Much  work  has  been  done  on  the 
spontaneous  “aging”  of  freshly  formed  inorganic  col¬ 
loidal  solutions  or  “sols”  and  their  congealed  forms,  or 
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“gels.”  Again,  the  bias  is  shown  by  the  investigator 
shutting  his  eyes  to  the  fact  that  colloidal  sols  or  gels, 
which  have  become  granular  and  coarse  with  age, — a 
process  resembling  the  changes  in  the  tissues  and  skin 
noted  in  the  old, — can  be  made  fine  again  or  re-dispersed 
by  the  addition  of  small  amounts  of  salts  which  furnish 
protecting  ions  of  the  proper  electrical  charge  and  con¬ 
centration.  It  is  just  as  good  chemistry  to  point  out  that 
the  coagulation  of  colloids  is  quite  reversible  at  least  in 
the  early  stages,  and  that  with  the  proper  means,  it  is 
even  possible  in  the  latter  stages.  Completely  crystalline 
substances,  the  end  process  of  a  colloid’s  aging,  can  often 
be  completely  dispersed  into  the  original  emulsion  or 
jelly.  If  chemistry  shows  anything,  it  shows  that  an  “in¬ 
herent”  process,  no  matter  how  normal  and  regular  it 
may  be,  may  under  proper  circumstances,  be  completely 
reversed! 

Furthermore,  if  the  fixity  due  to  heredity  is  to  be  ac¬ 
counted  for  in  chemical  terms,  it  is  subject  to  the  upsets 
we  have  shown  to  be  possible  for  all  chemical  colloid 
and  catalyst  systems.  Those  systems  seem  to  be  rather 
systems  well  suited  to  raise  all  sorts  of  hopes  for  re¬ 
juvenescence. 

Theories  of  aging  which  depend  on  the  supposition  of 
a  fixed  life  span  may  be  tacitly  assuming  the  fixity  of 
the  chemical  constitution  of  protoplasm  and  of  the  en¬ 
vironment,  both.  Furthermore,  little  contribution  from 
the  environment  which  would  enable  the  internal  chem¬ 
ical  systems  of  the  cells,  colloids  and  catalytic  enzymes, 
to  rejuvenesce,  is  assumed  to  be  possible.  Our  usual  en- 
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vironment  does  not  furnish  dispersing  agents.  But  does 
that  demonstrate  that  we  cannot? 


g.  The  Biologist  Views  the  Problem 

In  this  light  let  us,  then,  return  to  some  biological 
theories  of  aging  in  the  aspects  of  growth  and  senescence, 
which  see  regularity,  but  no  hopeless  fixity. 

Pearl  holds  that  potential  longevity  is  not  ruled  out 
for  all  metazoan  cells.  He  is  not  what  the  philosophers 
would  call  a  preformationist,  a  believer  that  the  entire 
future  history  is  contained  in  the  first  stage.  He  makes 
exceptions  of  extremely  differentiated  cells,  and  hence 
speaks  not  like  a  generalizing  philosopher,  but  merely 
by  way  of  making  a  summary  of  experiments  on  trans¬ 
plantation  and  tissue  culture. 

CarrePs  beautiful  work  is  a  beautiful  example  of  a 
rather  new  dynamic  approach.  It  deals  with  cicatrization 
of  wounds  and  the  maintenance  of  tissue  cultures.  Both 
can  be  performed  in  vitro ^  the  former  also  in  vivo.  It  is 
a  manifestation  of  the  cellular  activity  of  reparation  and 
proliferation.  During  the  Great  War  Carrel  had  an  op¬ 
portunity,  with  the  aid  of  du  Noiiy  and  others,  to  dis¬ 
cover  the  mathematical  law  according  to  which  the  cica¬ 
trization  of  surface  wounds  evolves  if  they  are  kept 
sterile.  In  such  cases  a  remarkable  reawakening  occurs 
in  cells  which  multiply  in  an  astonishing  manner  in  or¬ 
der  to  make  the  repairs.  In  1908  Carrel  wrote:  ^Hhe 
cicatrization  and  regeneration  of  tissues  are  the  mani¬ 
festations  of  the  tendency  to  persist  which  is  inherent  to 
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all  living  organisms.  We  are  profoundly  ignorant  of  the 
nature  of  these  phenomena.  They  are,  like  the  function  of 
nutrition,  a  fundamental  property  of  living  matter.  It 
is  as  impossible  to  know  their  essence  as  it  is  to  know  the 
essence  of  life.  Moreover,  this  knowledge  would  be  use¬ 
less.  From  a  metaphysical  point  of  view,  it  might  be  in¬ 
teresting  to  know  why  a  wound  cicatrizes.  But  from  a 
scientific  point  of  view,  it  is  infinitely  more  important 
to  know  how  it  cicatrizes.  It  would  thus  become  pos¬ 
sible  to  determine  the  efficient  causes  of  the  complex 
mechanism  of  the  regeneration  of  tissues.  That  is  why 
it  is  useful  to  study  the  physiological  phenomena  of 
cicatrization.  It  is  true  that  the  regenerating  power  es¬ 
capes  our  methods  of  research,  but  the  physico-chemical 
processes  which  are  co-ordinated  and  harmonized  by  this 
directing  force  in  view  of  the  morphological  reparation 
can  enter  into  our  field  of  experiment.” 

The  law  was  discovered  which  showed  a  variation  with 
age.  Several  years  later  great  plausibility  was  given  to 
the  interpretation  that  the  mechanisms  which  are  at  the 
basis  of  all  cellular  reparation  are  of  a  chemical  nature. 
This  was  done  by  Ebeling  of  the  Rockefeller  Institute 
by  carrying  out  comparative  experiments  at  different 
temperatures  on  cold-blooded  animals.  The  typical  sus¬ 
ceptibility  to  temperature  of  a  chemical  reaction  was 
found  for  this  phenomenon. 

The  method  of  tissue  culture  was  started  by  Carrel  in 
1912  at  the  Rockefeller  Institute.  He  not  merely  kept 
pieces  of  tissue  alive  outside  the  organism,  for  a  few 
days,  like  Harrison,  but  established  for  them  an  inde- 
'pendent  and  unltmlted  existence.  A  small  section  of  an 
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embryonic  chicken  heart  is  still  alive  today  and  is  ex¬ 
pected  to  keep  on  indefinitely.  Tremendous  asceptic  pre¬ 
cautions  are  taken  and  much  fussing  is  necessary,  because 
it  is  necessary  to  cut  the  culture  in  two  every  two  days 
on  account  of  the  rate  of  growth.  There  is  no  circulating 
system  and  toxic  products  must  be  eliminated  or  the 
cells  would  die  and  some  in  dying  would  liberate  poisons 
which  would  kill  others.  The  cultures  persist  only  in 
very  thin  layers.  The  frequent  division  furnishes  dupli¬ 
cate  sets  and  make  possible  excellently  controlled  experi¬ 
ments  and  comparisons. 

Carrel  and  his  co-workers  have  produced  -pure  strains 
of  fibroblasts  (conjunctive  cells),  osteoblasts  (bone- 
producing  cells),  cartilage,  epithelium,  leucocytes,  even 
cancer  cells.  These  things,  by  the  way,  were  declared 
^fimpossible”  by  many  biologists.  They  are  startlingly 
actual.  All  sorts  of  brilliant  things  were  done  to  fix  on  a 
nutritive  medium.  Carrel  made  the  important  discovery 
that  the  juice  made  by  mincing  8 -day  old  chicken  em¬ 
bryos  is  the  food  of  longevity  for  the  chicken  tissue.  It 
also  happens  to  be  a  good  medium  for  preventing  surgi¬ 
cal  shock.  This  juice  and  a  support  consisting  of  a  drop 
of  coagulated  chicken  plasma  are  used  for  embedding 
the  cells  which  may  be  washed  with  special  saline  solu¬ 
tions,  and  replanted  periodically  in  the  same  kind  of 
material. 

A  great  wealth  of  experimentation  is  still  in  store  for 
this  method,  which  is  still  relatively  young.  Efforts  are 
being  made  to  discover  the  laws  governing  rhythm  of 
muscular  tissues  from  a  heart  and  their  synchronization 
by  contact  between  cells  beating  in  a  different  rhythm,  or 
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why  single  isolated  cells  do  not  proliferate  by  mitosis, 
but  require  some  neighbors. 

A  triumph  with  regard  to  the  study  of  age — and  the 
reason  for  this  discussion  here — was  that  the  rates  of 
growth  vary  with  the  nutrient  plasma  taken  according  to 
the  age  of  the  animal.  A  mathematical  law  was  dis¬ 
covered  and  it  was  found  to  be  very  close  indeed  to  the 
law  of  cicatrization.  As  in  the  healing  of  wounds  a 
rapidly  sinking  curve  which  gradually  flattens  out  with 
increasing  age  was  found.  It  was  something  like  Minot’s 
contention  that  we  age  most  rapidly  in  early  youth,  but 
without  the  fatalistic  touch.  It  is  a  matter  of  chemistry, 
and  chemistry  is  notoriously  flexible  now! 

Before  leaving  the  subject  it  is  tempting  to  record  for 
what  it  may  be  worth  at  some  time  that  already  fibro¬ 
blasts  have  been  transformed  reversibly  into  macro¬ 
phages,  whereas  macrophages  turn  (by  the  addition  of 
an  extract  of  chicken  cancer,  Rous)  irreversibly  into 
fibroblasts.  Fasting  has  also  been  tried  and  has  been  con¬ 
nected  with  the  appearance  of  pigment,  something  sug¬ 
gesting  the  appearances  of  undernourishment  of  cells  in 
age. 

According  to  Carrel,  then,  aging  is  accompanied  by 
the  accumulation  of  waste  products  in  the  blood,  which 
are  not  washed  away,  with  the  complication  that  the 
blood  itself  changes  progressively.  The  slowing  of  cell 
growth  is  the  result,  and  it  means  progressive  aging  and 
death  of  the  whole  organism  bathed  by  the  blood.  Car¬ 
rel  has  shown  clearly  a  relative  potential  immortality 
of  the  cell,  and  at  the  same  time  its  subordination  to  the 
fate  of  the  organism. 
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The  trend  to  chemistry  involves  every  one  of  its 
branches.  All  are  agreed  that  there  is  a  gradual  decrease 
in  the  intensity  of  living  in  senescence.  Not  all  are  con¬ 
tent  to  leave  the  biological  demonstration,  such  as  Car¬ 
rel’s,  without  support  from  detailed  chemistry  and 
physics.  C.  M.  Child  and  T.  B.  Robertson  are  repre¬ 
sentative  investigators  who  have  stressed  chemistry. 
Child  *  stated  that,  “growth  is  not  a  simple  chemical  re¬ 
action  and  cannot  be  considered  as  such:  It  is  a  complex 
physico-chemical  process  in  which  changes  in  the  physical 
character  of  the  substratum  as  well  as  chemical  condi¬ 
tions  are  concerned.”  He  stressed  the  importance  of 
colloids,  especially  in  the  regulation  of  the  uptake  of 
water.  Every  tissue  and  organism  must  have  at  least  a 
certain  amount  of  water.  The  capacity  of  a  colloid  to 
hold  water  is  very  seriously  changed  by  the  presence  of 
both  organic  and  inorganic  substances,  and  all  sorts  of 
pathological  changes  can  set  in  on  that  account.  Much 
of  the  exchange  in  the  body  depends  on  the  permeabil¬ 
ity  of  membranes,  but  these  too  depend  on  the  character 
of  the  colloids.  Again,  we  know  that  enzymes  are  closely 
connected  with  the  most  vital  of  phenomena,  and  they 
too  are  closely  associated  in  their  action  with  colloids. 
There  is  no  recourse  but  to  more  colloid  chemistry. 

Many  subtleties  are  possible  with  regard  to  the  in¬ 
timate  connection  between  structure  and  function  and 
their  mutual  modification  by  one  another.  Child  has 
helped  to  shake  a  common  conviction  that  the  changes 
in  growth  are  permanent.  They  are  decidedly  more 
stable  in  the  higher  than  in  the  lower  organisms,  but 
they  are  not  necessarily  permanent.  He  stressed  the 

*  Senescence  and.  Rejuvenescence.  University  of  Chicago  Press. 
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phenomena  of  ^^reduction”  which  are  prominent  in  the 
lower  organisms,  but  may  make  their  appearance  else¬ 
where  to  some  extent.  A  demonstration  was  given  that 
from  the  view  of  nutrition,  growth  in  recovery  from 
starvation  is  not  the  same  as  developmental  growth  with 
continuous  feeding  and  that  growth  in  adult  life  is  not 
the  same  as  growth  in  youth. 

Metabolism  is  a  very  complex  reaction  system.  The 
leading  role  is  given  to  oxidations,  in  agreement  v;ith 
Jacques  Loeb  who  called  it  ^dhe  independent  variable.” 
The  most  fundamental  factor  is  said  to  be  the  rate  of 
oxidation  in  growth,  making  the  amount  of  nutritive 
material  in  excess  of  a  certain  minimum  secondary.  K 
link  is  also  made  between  the  oxidations  and  anabolism 
and  katabolism.  Child  is  interested  in  avoiding  the  as¬ 
sumption  of  the  existence  of  a  mysterious  growth  Im¬ 
pulse  which  gradually  decreases  in  intensity  during 
development, — an  idea  which  has  dominated  many  ex¬ 
planations.  To  him  growth  is  primarily  the  accumula¬ 
tion  of  certain  substances  in  the  course  of  the  metabolic 
reactions  which  are  physiologically  more  stable  than 
other  substances  that  break  down,  furnish  energy,  and 
are  eliminated.  “Reduction  occurs  when  the  breakdown 
and  elimination  of  the  cell  substance  is  not  balanced  by 
the  synthesis  of  new  substance.” 

Child  remarks  on  the  appearance  of  differences  in  re¬ 
action  and  capacity  to  react  even  before  differentiation 
occurs.  The  term  “specification”  describes  this,  whereas 
“differentiation”  applies  to  actually  visible  structural 
differences.  Again  it  is  portrayed  as  a  matter  of  physics 
and  chemistry  in  which  some  activities  are  developed 
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at  the  expense  of  others.  There  occurs  a  gelification  of 
protoplasm  corresponding  to  a  greater  stability,  and  thus, 
naturally,  to  a  slower  metabolic  rate.  This  may  in  turn 
lead  to  entirely  new  chemical  changes,  followed  by  new 
structures,  and  so  on.  It  is  also  pointed  out  that  differ¬ 
entiation  may  occur  without  growth  due  to  external 
conditions.  To  a  limited  extent  growth  can  occur  with¬ 
out  differentiation.  However  there  is  such  a  thing  as 
dedijferentiatiofiy  also.  It  is  the  process  of  the  loss  of 
differentiation,  of  apparent  simplification,  of  return  or 
approach  to  the  embryonic  or  undifferentiated  condition. 
Of  that  we  shall  speak  later,  since  it  is  the  rejuvenation 
which  follows  on  senescence.* 

When  senescence  reaches  the  breakdown  point  it  is 

*  This  is  how  Child  states  the  case  in  his  “Senescence  and  Rejuvenes¬ 
cence”  :  “The  association  of  a  colloid  substratum  with  a  chemical  reaction- 
system  and  the  occurrence  of  growth  and  reduction  and  of  differentiation 
and  dedifferentiation  lead  us  to  a  conception  of  senescence  and  rejuvenes¬ 
cence  which  seems  to  be  the  only  one  which  is  in  full  agreement  with  the 
facts  of  experiment  and  observation.  According  to  this  view,  senescence 
is  primarily  a  decrease  in  rate  of  dynamic  processes  conditioned  by  the 
accumulation,  differentiation,  and  other  associated  changes  of  the  material 
of  the  colloid  substratum.  Rejuvenescence  is  an  increase  in  rate  of  dynamic 
processes  conditioned  by  the  changes  in  the  colloid  substratum  in  reduction 
and  dedifferentiation. 

“Senescence  is  then  a  necessary  and  inevitable  feature  of  growth  and 
differentiation  while  rejuvenescence  is  associated  with  reduction  and  with 
the  various  reproductive  processes  in  which  more  or  less  differentiated 
parts  of  the  organism  undergo  dedifferentiation.  Even  as  regards  gametic 
or  sexual  reproduction,  the  facts  indicate  that  the  gametes  or  sex  cells 
are  very  highly  specialized  and  differentiated  cells  and  that  early  embry¬ 
onic  development  is  essentially  a  part  of  dedifferentiation  and  rejuvenes¬ 
cence. 

“Viewed  from  this  standpoint,  life  is  then  really  a  cyclical  process  as 
it  appears  to  be.  The  organism  grows,  differentiates,  and  ages,  and 
these  processes  lead  usually  in  nature  through  reproduction  of  one  kind 
or  another,  to  reduction,  dedifferentiation,  and  rejuvenescence.  No  part 
of  the  organism  remains  perpetually  undifferentiated  and  perpetually 
young.  The  young  organism  arises  from  the  old  not  from  a  self- 
perpetuating  source  of  youth,  which  is  itself  always  young.” 
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high  time  it  should  receive  a  warning  name.  The  term 
^^senility”  offers  itself.  Senility  is  describable  in  as  many 
ways  as  the  wondrous  body  itself.  Nothing  seems  to 
escape  the  completion  of  the  aging  process,  either  di¬ 
rectly  or  indirectly.  Some  cells  which  seem  to  be  able 
to  go  on  indefinitely  in  the  proper  environment,  i.  e.  do 
not  age  on  their  own  account,  are  nevertheless  forced  to 
succumb  in  the  general  breakdown.  What  if,  for  in¬ 
stance,  hair  continues  to  grow  on  the  bodies  of  the  dead 
for  some  time?  In  the  end  it  must  succumb  indirectly  to 
the  ravages  of  age  in  its  natural  environment.  Thus,  in 
spite  of  a  kind  of  longevity  which  faintly  suggests  a  pos¬ 
sible  immortality,  there  is  a  proper  distinction  to  be  made 
between  the  hair  of  an  old  man  and  the  hair  of  a  young 
man.  We  do  not  know  whether  an  old  man’s  hair  will 
undergo  rejuvenescence  in  the  body  of  a  young  man, 
but  surely  a  young  man’s  hair  cannot  stay  young  long  in 
an  old  body.  There  is  an  indirect  acceleration  of  aging 
even  when  some  cells  are  of  their  own  nature  very  long 
lived.  In  the  end  everything  can  be  ear-marked  “senile.” 

Worse,  at  every  age,  one  is  old  in  spots.  It  is  perfectly 
possible  to  have  so  many  such  spots  as  to  be  “old  at 
forty.”  This  reminds  one  that  there  are  some  more  or 
less  convenient  stepping  stones  to  senility.  Arterioscle¬ 
rosis,  perhaps,  is  the  prime  offender.  It  is  at  least  the  in¬ 
dex,  if  not  the  cause.  On  the  whole,  however,  it  can  be 
looked  upon  as  the  middle  age  introduction  to  the 
debacle  of  old  age.  This  in  turn  brings  up  the  issue  of 
hormones  in  connection  with  aging  and  senility,  which 
is  now  so  prominent. 

The  startling  appearance  of  the  mask  of  age  on  those 
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who  have  been  attacked  by  cretinism  (myxoedema)  is 
traced  to  a  deficiency  of  thyroid.  Such  effects  can  be 
produced  in  animals  by  the  removal  of  the  thyroid 
gland.  If  aging  consists  in  the  defeat  of  the  highly  or¬ 
ganized  cells  by  the  conjunctive,  phagocytic  ones,  ap¬ 
parently  the  glands  are  extremely  important  in  furnish¬ 
ing  reinforcements  or  helping  in  some  way  to  turn  the 
tide  of  battle.  The  idea  seems  rather  compelling.  An  in¬ 
vestigator  like  Boris  Sokolov,  considers  it  a  legitimate 
claim  of  modern  biology,  that  senility  is  not  unavoidable, 
but  is  merely  an  expedient  of  nature  which  we  can  and 
should  oppose.  Senility,  according  to  him,  is  a  result  of 
illness,  of  the  weakening  of  the  activity  of  the  endocrine 
glands. 


h.  Surgery  or  Hormones? 

Steinach  and  Voronoff  had  startled  the  world  with 
rejuvenations  or  something  which  looked  very  much 
like  it  on  the  basis  of  such  reasoning.  Voronoff  discrim¬ 
inated  his  position  philosophically  from  those  who  ex¬ 
plained  the  mechanism  of  life  as  a  result  from  a  first 
impulsion  given  at  birth,  by  the  conception  which  ex¬ 
plained  it  by  the  impulsions,  continually  renewed,  which 
the  organs  receive  from  the  ductless  glands.  The  neces¬ 
sity  of  the  glands  had  been  demonstrated  in  numerous 
ways,  principally  by  the  effects  of  removal: — the  spasms 
due  to  nervous  disorganization  following  the  removal 
of  four  tiny  parathyroid  glands,  the  development  of 
gigantism  following  the  hypertrophy  of  the  anterior  lobe 
of  the  small  pituitary  body  at  the  base  of  the  brain,  the 
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lack  of  growth  when  the  gland  is  undeveloped,  the  stim¬ 
ulation  of  lacteal  and  renal  secretions,  the  effect  on  the 
development  of  fat  and  the  stimulation  of  visceral  mus¬ 
cles  following  such  disturbances.  Each  change  in  one  of 
the  glands  affects  the  whole  system.  The  situation,  when 
the  ductless  glands  break  down,  has  been  likened  to  a 
civil  war  breaking  out  in  an  empire  of  cells  with  a 
weakened  administrative  apparatus. 

There  is  a  chaos  of  opinion  on  the  role  of  the  glands 
and  their  secretions,  because  there  is  a  chaos  of  observa¬ 
tions.  Precise  work  takes  decades.  A  worker  must  use 
standard  animals  under  controlled  conditions.  Taking 
a  typical  investigation  on  rats  as  an  illustration,  we  find 
that  even  the  thoroughbred  Wistar  rats  die  suddenly 
without  signs  of  senescence  or  loss  of  weight.  An  absolute 
correlation  of  senility  with  the  absence  of  ovarian  and 
testicular  function  has  not  been  obtained.  Yet  it  is  quite 
certain  that  senile  animals  can  react  to  growth-promoting 
extracts,  in  some  cases  with  great  general  benefit.  There 
is  little  to  do  but  to  research  further.  Some  of  the  glands 
produce  materials  of  the  greatest  variety,  each  of  which 
constitutes  a  problem. 

Perhaps  the  most  remarkable  structure  in  the  body 
from  this  point  of  view  is  the  pituitary  gland,  which  is 
situated  in  a  little  depression  in  the  most  solid  of  bones, 
at  the  base  of  the  skull.  This  depression  is  called  from 
its  shape  the  sella  turcica,  or  Turkish  saddle. 

The  glands  are  the  principal  organs  for  the  secretion 
of  “hormones”  or  substances  that  act  as  messengers.  Yet 
they  are  not  mere  messengers.  They  are  messengers  who 
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undergo  transformations  on  their  arrival  leading  to  the 
most  complex  results.  On  occasion  they  are  said  to  pro¬ 
duce  ^^anti-hormones.’’  They  apparently  outstay  their 
welcome.  The  organ  affected  by  a  hormone  may  in  turn 
send  out  other  hormones  and  actually  return  messengers, 
as  if  to  notify  the  original  sender  that  the  message  had 
arrived.  The  hormonal  centers  are  connected  to  one  an¬ 
other  most  subtly.  The  connections  are  very  difficult  to 
trace  on  account  of  the  complexity  of  the  body  and  the 
complexity  of  the  substances  involved.  Quantitative  esti¬ 
mation  strikes  a  tremendous  stumbling  block  in  the  fact 
that  the  amounts  of  substance  involved  are  very  minute. 
They  are  so  minute  that  often  ordinary  chemical  analysis 
fails  and  effects  have  to  be  measured  by  biological  action. 
This,  in  turn,  is  very  uncertain  and  subject  to  startling 
variations  among  individuals.  The  biological  experi¬ 
ments  have  to  be  performed  on  veritable  hosts  of  animals 
under  the  closest  regulation  in  order  to  mean  anything. 

The  variety  of  endocrinal  disturbances  is  great.  There 
may  be  excessive  activity  as  well  as  abnormally  low 
activity.  The  cells  may  suddenly  generate  unusual  and 
toxic  substances.  The  timing  may  go  awry.  The  body  may 
have  a  low  supply  of  ^Rejuvenating”  substances  from  the 
interstitial  cells  of  the  testis  and  the  ovary. 

One  thing  looms  very  big  in  this  question  of  the  im¬ 
portance  of  the  hormones.  It  is  the  fact  that  we  begin  to 
break  down  with  regard  to  their  functioning  rather  early 
in  life.  The  performances  of  the  ductless  gland  become 
quite  mediocre  after  forty. 
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i.  Arteriosclerosis  and  Cholesterol 

Undoubtedly  they  have  a  good  deal  to  do  with  the  so 
called  “hardening  of  the  arteries”  which  has  often  been 
described  as  the  gauge  of  age.  It  is  really  a  “softening” 
of  the  arteries  since  it  consists  largely  of  the  deposition 
of  a  waxy  material,  which  is  mostly  the  substance  known 
as  cholesterol.  At  most  it  is  only  a  stiffening.  The  walls 
lose  elasticity,  lesions  develop  and  the  waxy  material 
deposits  largely  between  the  inner  and  middle  walls  of 
the  arteries.  (There  are  three  or  more  coats  of  the  ar¬ 
teries,  as  you  wish  to  describe  them,  the  “tunica  ad¬ 
ventitia,”  the  elastic  coat,  and  the  muscular  coatj  and 
then  a  “fenestrated  coat”  and  endothelial  cells.)  The 
lesions,  known  as  “atheromata,”  are  local  proliferations 
of  the  endothelial  cells  at  the  junction  of  the  middle  and 
inner  coats.  The  cholesterol  deposits  there  along  with 
fatty  matter.  All  this  leads  to  arteriosclerosis,  embolisms 
and  thromboses,  so  often  discussed  in  connection  with 
strokes.  Most  men  above  fifty  have  well  developed 
atheromatous  patches.  There  may  also  be  a  deposition  of 
calcium  salts. 

A  recent  study  shows  that  in  normal  cases  cholesterol 
deposition  of  this  sort  occurs  without  flagrant  lesions 
throughout  life.  The  cholesterol  contents  of  the  arteries 
goes  up  regularly  with  age.  This  held  true  for  about  five 
hundred  cases  tested.  When  one  has  that  many  cases  one 
is  tempted  to  propose:  let  me  analyze  your  arteries  and 
I  will  tell  you  your  age,  provided  you  have  no  special 
diseases  like  syphilis  or  diabetes.  It  would  be  possible  to 
analyze  the  aorta  of  a  normal  man  killed  in  an  accident 
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and  make  a  fairly  accurate  estimate  of  his  age  on  that 
basis. 

Cholesterol  is  a  startlingly  important  substance.  It 
is  present  in  all  animal  cells  and  fluids.  It  is  the  animal 
representative  of  a  class  of  substances,  the  sterols,  found 
in  all  living  substances.  The  plants,  too  have  sterols, 
called  by  the  general  name  “phytosterols.’’  They  are 
very  close  relatives  indeed.  Occasionally  a  new  sterol  is 
uncovered,  e.  g.  one  in  oysters,  “ostrosterol.”  The  sterol 
in  yeast  is  “ergosterol,”  which  on  irradiation  by  ultra 
violet  light  gives  one  of  the  varieties  of  vitamin  D, 
popularly  known  as  viosterol  and  used  as  a  specific 
against  rickets.  Recently  we  have  discovered  a  sterol  in 
the  most  rudimentary  form  of  protoplasm,  the  “myxos.” 
The  “organizer”  of  Harrison  &  Spemann,  which  seems 
to  control  cellular  organization  in  development,  is  said 
to  be  a  sterol.  In  the  last  two  or  three  years  there  has 
been  a  successful  demonstration  of  the  sterol  character 
of  the  male  and  female  sex  hormones.  The  male  sex 
hormones  can  be  made  from  cholesterol  as  a  starting 
point.  A  large  variety  of  sex-active  substances,  male  and 
female,  involved  in  the  sex  cycles,  have  been  made  and 
are  being  made  from  a  sterol  base.  Certain  compounds, 
derivable  from  the  sterols,  but  not  sterols  themselves, 
can  be  made  to  produce  tar-cancer  in  mice.  Cholesterol 
seems  to  be  a  nigger  in  almost  any  woodpile.  Connec¬ 
tions  are  being  traced  to  heart-active  substances,  e.  g. 
digitalis,  and  so  on. 

This  promethean  substance  is  present  in  unusually 
large  amounts  in  our  organs,  up  to  4%  in  the  adrenals, 
2%  of  the  brain,  about  0.25%  of  the  blood  in  normals 
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and  much  more  in  diabetes  or  myxoedema.  It  is  a  constit¬ 
uent  of  the  bile,  from  which  it  derives  its  name  “bile- 
wax.”  The  body  can  synthesize  it,  but  it  does  not  have  to. 
It  gets  enormous  amounts  from  the  food  which  is  largely 
animal.  Animal  foods  all  contain  it,  especially  egg  yolk 
(2%),  beef  fat,  milk,  cheese,  cream,  etc.  We  cannot  live 
without  it,  we  are  seriously  embarrassed  with  too  much 
of  it. 

The  deposition  of  cholesterol  becomes  very  prominent 
in  old  age.  It  is  excreted  through  the  intestine,  but  is  also 
absorbed  by  the  same  route.  Obviously  it  must  be  partly 
destroyed  in  the  tissues  by  some  other  means.  Oxidation 
is  a  very  probable  procedure.  It  is  rendered  more  prob¬ 
able  by  the  consideration  that  oxidation  is  slowed  down 
with  age.  A  complex  situation  arises  further  in  the  fact 
that  cholesterol  is  an  excellent  agent  for  slowing  down 
many  oxidations.  When  such  a  vicious  circle  sets  in  condi¬ 
tions  are  likely  to  get  from  bad  to  worse.  There  are  not 
many  safeguards  apparently  in  our  system.  Only  one 
hormone,  thyroxin  from  the  thyroid  gland,  is  definitely 
known  to  be  in  sharp  opposition  to  high  cholesterol  in 
the  blood.  To  use  a  lot  of  it  would  be  dangerous,  and 
perhaps  would  start  even  more  vicious  cycles. 

Cholesterol  has  been  shown  to  have  a  definite  effect 
on  the  growth  of  cancer  in  rats,  especially  when  injected 
into  the  primary  tumor.  Dietary  cholesterol  has  the  same 
influence.  It  does  not  follow  from  this  that  it  is  the  sole 
influence  since  certain  protein  constituents  are  definitely 
necessary  for  the  synthesis  of  any  protoplasm.  Ordinary 
growth,  however,  seems  to  slow  down. 

Profound  possibilities  shine  in  the  fact  that  the  cho- 


A  FEW  MODERN  THEORIES 


201 


lesterol  accumulation  in  the  arteries  is  a  very  clean-cut 
index  of  senescence.  We  shall  see  elsewhere  even  more 
reason  for  considering  the  correspondence  far  deeper 
than  mere  coincidence  or  causally  insignificant.  Any  plan 
to  prolong  life  will  have  to  deal  with  this  omnipresent 
substance. 


V 

PSYCHIC  AGING 


The  presence  of  cholesterol  in  large  amounts  in  the 
brain  and  in  nervous  tissue  is  provocative  of  speculation 
of  its  role  in  mental  phenomena  in  general  and  the  men¬ 
tal  changes  due  to  age  in  particular.  There  is  very  little 
known.  The  writer  has  found  cholesterol  a  most  interest¬ 
ing  compound  from  an  electrical  point  of  view  because  of 
its  ‘^^electret’’  structure  and  its  modification  of  the  elec¬ 
trical  capacities  of  chemical  systems  and  cells.  That  the 
brain  is  a  mass  of  electrical  currents  is  hardly  to  be  dis¬ 
puted.  Just  what  they  mean  perhaps  will  be  told  more 
easily  with  the  aid  of  the  knowledge  of  the  electrical 
properties  of  sterols  and  related  compounds. 

A  theory,  which  at  least  does  not  contradict  the  specu¬ 
lation  concerning  the  electrical  role  played  by  cholesterol 
in  ^Train”  or  ^^mental”  phenomena,  is  the  recent  sugges¬ 
tion  that  insanity  is  a  kind  of  “short  circuit.”  This  was 
emphasized  by  Dr.  Manfred  Sakel,  a  famous  Vienna 
psychiatrist,  at  a  symposium  at  the  New  York  Academy 
of  Medicine  and  a  later  meeting  at  Pittsburgh  (May  14, 
1937).  The  work  that  attracted  the  attention  of  the  en¬ 
tire  world  was  the  well-substantiated  observation  that 

shocks  produced  by  large  doses  of  insulin  will  result  in 
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recoveries  in  a  high  percentage  of  hitherto  hopelessly 
insane  persons.  Cures  have  been  reported  in  cases  of 
dementia  praecox,  manic-depressive  type  ^^compulsion 
neuroses/’  psychoses  and  hysteria.  Dr.  Sakel  speaks  of 
^^geographies  of  the  mind/’  “pathways  of  the  mind”  and 
of  “brain  circuits.”  They  might  perhaps  be  correlated  to 
“cholesterol-pathways”  and  “cholesterol  circuits.”  Just 
how  the  short-circuits  of  the  brain  vanish  under  the  in¬ 
sulin  treatment  is  still  a  mystery,  but  the  return  to  nor¬ 
malcy  without  doubt  follows  the  evolutionary  path  of 
the  race,  from  the  most  ancient  functions  of  the  mind 
up  and  up  to  the  most  recently  developed. 

Biology  and  chemistry,  even  when  they  invade  the  se¬ 
crets  of  the  brain,  must  bow  their  way  out  before  the 
special  technique  of  the  psychologist.  Elsewhere  we  have 
given  a  medical  doctor’s  individual,  clinical,  and  gloomy 
picture  of  the  psychology  of  old  age.  Here  we  will  give 
an  account  of  a  scientific  investigation  by  a  great  psy¬ 
chologist.  The  results  are  a  composite  of  a  statistical 
character  and  are  set  in  harmony  with  the  general  expe¬ 
rience  of  psychologists.  They  are  not  at  all  gloomy. 

The  psychologist  was  Prof.  G.  Stanley  Hall.  He  cir¬ 
cularized  a  few  score  of  distinguished  people  in  order  to 
discover  their  attitudes  on  aging  and  death.  His  ques¬ 
tions  follow  and  our  digest  of  his  lengthy  report  on  the 
answers.* 

I.  How  and  at  what  age  did  you  first  realize  the  af- 
froach  of  old  age? 

Realization  of  old  age  begins  at  forty.  It  becomes 
stronger  with  each  decade.  Any  symptom  is  seized  upon 

*  G.  S.  Hall,  Senescence.  D.  Appleton  &  Co. 
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during  this  ^yangerous  age,”  and  the  resulting  realiza¬ 
tion  that  senility  is  ahead  is  a  pretext  for  casting  re¬ 
straints  aside.  In  spite  of  that  things  go  on  as  before  in  a 
large  measure.  With  some  the  realization  becomes  an 
obsession  but  most  people  can  lull  themselves  into  a 
sense  of  security  that  may  last  even  unto  ninety.  A  few 
concentrate  on  things  worth  while  and  actually  seem  to 
lead  new  lives. 

2.  To  what  do  you  ascnhe  your  long  life? 

A  conviction  that  heredity  is  a  prime  factor  dominates. 
Some  have  learned  to  take  care  of  themselves  because 
they  had  been  frightened  into  it  by  some  warning  illness 
or  the  like.  Early  life  on  the  farm  is  given  a  great  deal 
of  credit.  Temperance  is  lauded.  Absence  of  worry,  an 
excellent  reason,  is  spoiled  by  a  very  worrisome  character 
surviving  a  very  long  time.  Diet,  the  rule  of  the  mind 
over  the  body,  service  to  others,  are  reasons  of  great 
psychological  value,  even  though  they  are  not  research 
reliable. 

3.  How  do  you  keef  welly  that  isy  what  do  you  find  es  fa¬ 
cially  good  or  had  in  diety  regimeny  interests  and  fersonal 
hygiene  generally? 

Very  few  eat  as  they  please.  The  use  of  a  laxative 
daily  for  thirty-eight  years  is  not  excluded.  Prohibition 
was  an  obstacle.  A  nap  in  the  middle  of  the  day  and  early 
retiring  are  praised  highly.  As  for  articles  of  diet  almost 
each  one  has  a  supporter  and  an  opponent.  Many  use 
their  appetite  as  a  guide.  Vegetarianism  did  not  come  off 
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very  well.  There  are  pro-  and  anti-vacationists.  Fads  of 
the  greatest  variety  are  mentioned. 

4.  Are  you  troubled  with  regrets  for  things  done  or  not 
done  by  or  for  you? 

Regrets  are  believed  to  be  vain,  although  “cruci¬ 
fixion”  is  referred  to.  Regret  of  the  neglect  of  the  culti¬ 
vation  of  virtue  in  the  pursuit  of  the  main  chance  is  the 
most  common.  Some  are  forgiving,  some  vengeful.  Par¬ 
ents  are  blamed  and  some  blame  themselves  as  parents. 
There  is  no  undue  dwelling  on  youthful  follies. 

5.  What  temptations  do  you  feely  old  or  new? 

There  is  a  disinclination  to  discuss  this.  Why  confess 
now?  (Hall  sees  a  reason  why  psychoanalysts  dislike  to 
take  patients  after  forty! )  Qualms  of  conscience  are  too 
painful.  There  is  a  desire  to  fit  an  epitaph.  Resistance  to 
temptation  is  said  to  increase, — a  bit  of  self-deception  in 
view  of  the  overeating,  indolence,  irritability  and  the  like 
that  some  admit  reluctantly. 

6.  What  duties  do  you  feel  that  you  still  owe  either  to 
those  about  you  or  to  the  world? 

Families  and  friends  come  first,  then  an  accounting 
with  the  world.  Many  dread  being  useless,  some  insist 
on  giving  advice  because  of  their  rich  experience.  Men 
of  science  feel  they  must  complete  their  researches. 
There  is  much  dreaming  of  posthumous  publications. 
Hall  calls  it  an  “educational  instinct.” 
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7.  Is  your  Interest  In  public y  community y  or  in  jar  future 
or  past  things y  as  compared  with  Interests  In  persons  and 
things  right  about  yoUy  greater  or  less  than  formerly? 

In  many  egoism  stands  out  in  their  myopic  concerns. 
Many,  however,  are  awake  to  great  changes  due  to  the 
World  War  and  to  the  problems  of  the  fate  of  civiliza¬ 
tion.  Hall  sees  “a  new  and  larger  humanism.’’ 

8.  In  what  do  you  now  take  your  greatest  pleasure? 

Most  have  discovered  new  pleasure,  as  reading  of  a 
new  kind,  daydreaming,  trying  to  write,  finding  new 
charms  in  nature,  new  companionships,  the  study  of 
neglected  subjects.  Old  ladies  love  rich  attire  quite  often. 
Solitude  is  tolerated  very  well.  It  is  even  practiced  with 
an  eye  to  the  great  meeting  with  death.  “The  old  man 
feels  in  a  new  way  that  not  only  all  bibles  but  humanity 
itself  came  straight  out  of  the  heart  of  nature,  so  that 
contemplation  of  her  various  aspects  may  become  for 
him  again  a  kind  of  navel-gazing.”  Almost  rapturous 
delight  can  now  be  felt  in  the  contemplation  of  some 
simple  object  of  nature.  This  is  kin  to  a  growth  of  the 
philosophical  mood. 

9.  Do  you  enjoy  the  society  of  chlldreny  of  young  peo¬ 
ple  y  adults y  or  those  near  your  own  age  more  or  less  than 
formerly? 

Old  friends  scatter,  die.  The  herd  instinct  enters  on  a 
decline.  Friendships  with  those  a  generation  behind  are 
preferred.  The  temptation  to  give  advice  and  warnings 
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is  often  directed  on  children.  Cronies  are  not  very  fre¬ 
quent. 

10.  Would  you  live  your  life  over  again? 

Only  one  wanted  to  repeat  life  identically.  Most  want 
a  new  deal  and  think  they  can  improve  on  a  second  try. 
Strangely,  no  vain  longings  for  rejuvenation.  Appar¬ 
ently  there  is  a  tendency  to  forget  the  intoxications  of 
youth.  Hall  glimpses  a  tedium  vitae y  and  deduces  a 
desire  to  avoid  a  future  existence  resembling  this  one 
in  essence,  and  expresses  regret  that  a  passion  to  taste 
everything  possible  to  our  estate  is  lost.  Hall  himself 
feels  quite  the  opposite.  Hall  also  finds  much  in  the 
tendency  to  live  our  lives  over  again  in  our  descendants, 
and  finds  therein  the  surest  signs  that  the  barriers  of 
egoism  are  breaking  down. 

11.  Jdid  you  experience  an  Indian  summer^^  of  re¬ 
served  energy  before  the  winter  of  age  began  to  set  in? 

task  is  a  life-preserver.”  Men  of  science  carry  on 
very  well.  Retired  clergymen  apparently  think  most  un¬ 
orthodox  thoughts  when  well  away  from  their  congrega¬ 
tions.  Old  physicians  may  reform.  The  ^Tndian  summer” 
is  a  mental  housecleaning.  Women  are  especially  praise¬ 
worthy  in  this  respect. 

12.  Do  you  rely  more  or  less  on  doctors  or  find  that  you 
must  study  yourself  and  be  your  own  doctor? 

A  doctor  only  in  emergencies,  not  for  prophylaxis. 
There  is  an  effort  to  guard  against  specialists  who  prac- 
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tice  their  specialty  with  a  vengeance  and  contradict  one 
another. 

13.  Do  you  get  more  or  less  jrom  the  clergy  and  the 
church  than  formerly? 

The  church  is,  on  the  whole,  under  suspicion.  Divine 
service  seem  irreligious  to  the  deeper  religion  within. 

14.  Do  you  think  or  worry  about  dying  or  the  hereafter 
more  or  less  than  formerly? 

Most  were  agnostic.  Hall  gives  prominence  to  the  at¬ 
titude:  ^^one  world  at  a  time  and  this  oae  now.”  Thought 
of  the  hereafter  is  a  waste  of  energy.  There  is  a  desire  to 
live  on  in  the  memory  of  friends  and  in  the  record  of 
deeds.  The  curve  of  suicide  has  two  crests,  one  in  ado¬ 
lescence  and  the  other  in  senescence.  Diversion  from  the 
thought  of  death  is  sought  by  all  means. 

Hall  gives  a  refreshing  account  of  some  of  his  own 
inclination. 

“For  myself,  I  confess  I  even  retain  in  old  age  some 
vestige  of  my  strong  childish  desire  to  be  a  horse,  lion, 
ape,  dog,  fish,  and  even  insect  j  or,  in  a  word,  to  know 
how  the  world  looks  from  under  the  skull  of  our  older 
brothers,  the  beasts.  Still  stronger  is  the  wish  to  have 
lived  as  a  troglodyte,  Indian,  to  have  been  a  fire- 
worshipper,  totemist,  a  woman,  millionaire,  tramp,  or 
even  a  moron  or  a  genius — if  not,  in  some  moods,  to  have 
experienced  various  insanities,  and  even  diseases.  But 
strangest  of  all  is  the  wish  that  I  could  be  set  back  to 
happy  childhood,  even  if  it  had  to  be  with  the  smallest 
modicum  of  the  experience  I  have  acquired  and  try  the 
game  of  life  again.” 


VI 

ILife  prolongation  and  Hejutitnescence 


“An  age  that  melts  with  unpercelved  decay, 

And  glides  in  modest  innocence  away.” 

Johnson 

Grow  old  along  with  me! 

The  best  is  yet  to  be, 

#  ^ 

The  last  of  life,  for  which  the  first  was  made: 

Our  times  are  in  His  hand 
Who  saith:  “A  Whole  I  planned. 

Youth  shows  but  half;  trust  God,  see  all,  nor  be  afraid.” 

Browning 

All  at  once  and  nothing  first 
Just  as  bubbles  do  when  they  burst. 

The  One-Hoss  Shay,  O.'W.  Holmes 


I 

HOT  DENIALS 


The  study  of  aging  is  motivated  by  a  strong  desire  to 
circumvent  it.  The  question  now  arises:  can  we  make  use 
of  our  knowledge  of  senescence?  If  not,  why  not? 

A  strange  miscalculation  seems  to  have  entered  into 
the  scheme  of  things.  The  famous  Dr.  Monroe  went  so 
far  as  to  maintain,  in  his  anatomical  lectures,  that  “as  far 
as  he  could  observe  the  human  body,  as  a  machine,  was 
perfect  3  that  it  bore  within  itself  no  marks  by  which  we 
could  possibly  predicate  its  decays  that  it  was  apparently 
calculated  to  go  on  forever  3  and  that  we  learned  only  by 
experience  that  it  would  not  do  so.’’  He  represented  the 
type  of  scientist  we  have  called  “naturalist”  who  would 
leave  it  to  experience  to  decide  for  or  against  a  theory 
no  matter  how  logic  seemed  to  dictate.  Nature  always 
has  the  veto  power  over  any  partial  logic.  For  all  anyone 
knows  it  may  have  a  way  of  correcting  its  miscalculation. 
That,  too,  can  only  be  learned  by  further  experience. 

Notwithstanding  all  this,  there  are  not  a  few  scientists 
who  are  quite  dogmatic  as  to  their  experience.  They  ex¬ 
pect  no  surprises.  Says  Warthin,  whom  we  quoted  at 
length  elsewhere,  about  senescence: — “Nor  can  it  be  de¬ 
ferred.  Nor  is  rejuvenescence  possible.”  There  seems 
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to  be  no  willingness  to  admit  that  there  is  a  possibility 
either  of  new  facts  or  of  new  interpretations.  No  con¬ 
sideration  at  all  is  given  to  the  notorious  scandal  that 
there  have  been  tremendous  upsets  in  better  established 
sciences  where  dogmatism  seemed  to  be  much  more 
justified.  Delage’s  suggestion  that  we  would  know  about 
death  only  if  we  knew  more  about  life  is  brushed  aside. 
The  experimental  data  that  seem  to  hold  out  hope  are 
also  brushed  aside  as  illusions. 

This  attitude  is  a  fitful  reaction  to  a  wishful  irrespon¬ 
sibility  of  the  opposite  kind,  the  ancient  manner  of  traf¬ 
ficking  with  sorcery  and  prayers  and  blaming  it  all  on  a 
demon  or  some  vague  malevolent  influence.  The  dog¬ 
matic  scientist  feels  that  he  is  calling  us  back  to  nature. 
All  he  forgets  is  that  he  presumes  to  know  nature  too 
well. 

There  is  also  a  tendency  to  throw  up  our  hands  at  all 
the  futilities  of  the  older  kind  that  have  been  proposed 
as  means  of  prolonging  life  or  of  producing  rejuvenes¬ 
cence.  One  may  get  quite  temperamental  over  childish 
efforts  to  “outwit”  old  age,  yet  one  must  not  forget  that 
they  are  only  first  efforts  to  come  to  grips  with  the  prob¬ 
lem.  This  is  done  frequently,  and  with  much  more  justi¬ 
fication,  with  medical  advice  in  general.  When  one  doc¬ 
tor  tells  his  victim  to  take  hot  baths,  and  another  advises 
them  cold,  when  one  says  “fletcherize”  and  another 
urges  only  coarse  food,  when  one  insists  on  brisk  exercise 
and  another  on  enforced  rest,  the  patient’s  gorge  may 
rise  and  he  may  precipitantly  and  illogically  conclude 
that  there  is  no  sound  advice  “possible.”  This  kind  of 
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slamming  of  the  door  to  is  highly  unscientific  for  such 
reasons. 

There  is  no  need  to  repeat  here  the  old  wisdom  that 
has  so  provoked  the  new-wise. 


II 

REGRETS  OF  THE  PESSIMISTS 


Serious,  regretful  discussions  belong  to  another  cate¬ 
gory.  The  scientist,  who  does  not  close  the  door  com¬ 
pletely,  is  entitled  to  as  pessimistic  a  mood  as  he  can 
possibly  command.  Dr.  Peyton  Rous  has  given  such  a  re¬ 
port  in  his  ^^Modern  Dance  of  Death.”  Although,  like 
everyone  else,  he  realizes  that  the  life-span  may  be  in- 
ceased  on  the  average  by  the  control  of  disease,  since 
most  diseases  are  less  prevalent  than  in  1500,  he  sees 
very  little  change  in  the  ravages  of  the  tubercle,  gumma, 
typhoid,  the  ulcer  and  the  carbuncle.  That  is  simply  a 
preliminary  way  of  pointing  out  a  barricade  to  progress 
and  not  an  eternal  obstacle. 

His  strictures  about  the  body  are  more  serious.  He 
backs  the  thesis  that  the  body  plays  its  game  along  ac¬ 
customed  lines  in  spite  of  changes  of  medical  treatment 
and  surgery.  He  is  worried  by  our  blithe  removal  of 
“unnecessary  organs”  like  the  appendix,  the  gall  bladder 
and  tonsils.  In  the  last  case  one  may  get  nodular  hyper¬ 
plasia  of  the  lymphoid  tissue  of  the  throat,  which  is  as 
unpleasant  as  it  sounds.  The  replacement  of  diseased 
organs  by  chemicals  is  also  to  be  viewed  with  suspicion. 

The  thyroid,  the  parathyroids,  the  pancreas  and  the 
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adrenals,  can  be  replaced  in  a  sense, — so  much  is  almost 
grudgingly  admitted.  The  organs  replaced,  however, 
may  play  several  roles.  Always  the  body  seems  to  ^Te- 
vert  to  normal.’’ 

Transplantation  of  organs,  which  we  will  mention 
again,  had  not  been  much  of  a  success  at  the  time  of  his 
writing.  Isotransplants  of  the  thyroid  in  rabbits,  accord¬ 
ing  to  his  data,  gave  only  one  survivor  in  seventeen.  A 
dog’s  kidney  when  transplanted  atrophies  after  a  while. 
An  individuality  haunts  this  kind  of  thing.  The  skin  of  a 
white  mouse  will  not  grow  on  another. 

Rous  is  pessimistic  about  the  possibility  of  stimulating 
surviving  organs.  They  will  not  proliferate.  Honesty  re¬ 
quires  the  admission  that  the  liver  does  proliferate!  An 
entire  half  of  the  liver  of  a  dog,  injured  by  chloroform, 
can  be  replaced  in  ten  days,  but  no  one  need  rejoice  too 
quickly  about  that  because  the  new  organ  is  extraordi¬ 
narily  fragile.  If  a  cretin  is  helped  by  thyroxin,  Rous 
argues,  it  is  because  only  there  are  ^Hormant”  possibili¬ 
ties.  Otherwise  he  does  not  go  further  into  the  question 
of  dormancy  which  would  be  decisive  in  the  argument. 
He  doesn’t,  because  he  cannot.  We  really  know  nothing 
about  it.  On  this  score  he  prefers  to  be  pessimistic,  others 
may  prefer  to  be  optimistic. 

We  have  an  oversupply  of  organ  tissue: — of  liver, 
four  times  the  immediate  need  and  even  ten  times,  if 
helped  by  sugar  j  of  the  adrenal  cortex,  twenty  times  j 
of  the  small  intestine  we  could  spare  twenty  feet.  This 
is  very  fine  for  emergencies.  Rous  will  not  admit,  how¬ 
ever,  that  they  can  handle  a  situation  of  such  great  im¬ 
port  as  longevity  to  a  marked  degree.  It  is  tough  sailing. 
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The  best  prospect  Rous  sees  is  in  a  possibility  of  a  mu¬ 
tation  in  the  germ  plasm  of  the  human  being  which  will 
produce  a  type  possessing  a  longer  span.  He  is  careful 
not  to  state  whether  that  could  or  could  not  be  con¬ 
sciously  accomplished.  It  did  not  seem  to  occur  to  him, 
since  he  wrote  without  a  knowledge  of  the  possibility  of 
producing  mutants  by  X-rays.  All  that  one  could  call 
real  pessimism,  but  not  flat  dogmatism! 

Pessimism,  when  well-rooted,  becomes  uneasy  when 
an  attempt  is  made  to  show  that  the  progress  of  reju¬ 
venescence  is  no  less  spontaneous  or  autonomous  than 
that  of  senescence.  It  also  plays  its  game  according  to 
accustomed  lines.  An  optimist  may  find  this  very  en¬ 
couraging.  For  unicellular  organisms  there  seems  to  be  a 
potential  immortality  in  the  power  to  conjugate,  a  proc¬ 
ess  comparable  to  fertilization  because  of  the  temporary 
fusion  of  a  pair  of  cells.  In  the  protozoa  these  conjuga¬ 
tions  lead  to  the  emergence  of  one  or  both  of  the  “ex- 
con  jugants”  in  a  rejuvenated  state.  This  is  as  certain  as 
any  senescence.  What  can  be  done  about  the  fact  that  we 
are  organized  aggregates  of  single  cells  of  such  potency 
remains  to  be  seen.  It  is  admitted  that  the  difficulties 
are  colossal.  A  faint  heart  will  never  win  in  this  invita¬ 
tion  to  research. 


Ill 

THE  MECHANICAL  APPROACH 


The  mechanical  approach  to  the  prolongation  of  life  or 
to  a  rejuvenescence  by  a  substitution  of  a  young  organ  or 
tissue  for  an  old  one  is  not  as  hopeless  as  Rous  presents 
it.  One  must  remember  that  Carrel  calls  blood  a  tissue 
also.  What  with  more  and  more  successful  transfusion 
and  the  saving  of  numerous  lives  recently  on  or  near  the 
battlefront  or  of  those  injured  in  accidents  by  the  use  of 
the  blood  of  the  healthy  killed,  the  prospect  seems  to 
brighten.  It  is  in  an  optimistic  mood  that  research  con¬ 
tinues  in  the  field  of  embryonic  transplantations.  Only 
at  the  beginning  of  this  year  Drs.  H.  H.  Collins  and 
W.  H.  Wright  of  the  University  of  Pittsburgh  success¬ 
fully  transplanted  the  heart  of  one  animal  into  the  body 
of  another  animal,  with  the  transplanted  heart  living  in 
its  new  environment  as  long  as  its  adopted  body  lived. 
This  seems  to  take  a  good  deal  of  the  hopelessness  out  of 
Rous’  black  picture.  A  report  dealt  with  transferring  the 
hearts  of  ten  embryo  newts  into  the  bodies  of  ten  adult 
newts.  The  newts  with  the  two  hearts  lived  and  func¬ 
tioned  almost  normally  for  one  hundred  to  one  hundred 
and  sixty-five  days,  when  they  died  because  they  were 

^Treaks”  and  not  as  healthy  as  their  ordinary  fellows. 
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The  transplanting  had  to  be  done,  the  scientists  reported, 
before  the  embryos  were  more  than  a  few  days  old,  be¬ 
cause  a  newt  matures  into  adulthood  in  a  fortnight  or 
three  weeks. 

The  new  heart  remains  intrinsic.  Dr.  Wright  and  Dr. 
Collins  said.  It  maintains  its  own  beat  and  does  not 
synchronize  itself  with  the  old  heart.  The  blood  vessels 
of  the  new  heart  remain  separate  within  the  host  for  a 
little  while,  but  finally  attach  themselves  to  the  original 
vessels,  so  that  both  hearts  work  on  the  same  circulatory 
system.  The  new  heart  remains  alive  and  functioning  as 
long  as  its  host  lived  in  every  case.  Comment:  Hearts 
have  been  tried  before.  Besides,  the  experiment  is  still 
a  freak — score  one  for  the  pessimists! 

The  mechanical  tampering  with  the  life  processes,  to 
which  there  has  been  ascribed  such  inevitability,  is  going 
on  at  an  increasing  pace.  A  year  ago  Dr.  Esther  Brown 
Harvey  obtained  embryos  by  whirling  sea-urchin  eggs 
in  a  centrifugal  machine  and  steeping  them  in  concen¬ 
trated  sea  water.  The  eggs  had  neither  male  nor  female 
nuclei  and  thus  came  forth,  in  a  sense,  parentless.  The 
transplantation  of  the  eyes  of  fruit  flies  in  the  larval 
stage  to  the  abdomens  of  other  flies  was  successfully 
carried  out  in  Paris.  Success  meant  the  continued  func¬ 
tioning  of  those  eyes.  Male  heads  have  been  put  on 
female  bodies  of  insects.  Dr.  Alexis  Carrel  and  Col. 
Charles  Lindbergh  perfected  means  for  keeping  alive 
for  long  periods  of  time  by  means  of  an  artificial  circu¬ 
latory  system  and  ^flung”  the  extirpated  glands,  spleens, 
livers,  hearts  and  kidneys  of  chickens  and  cats. 

All  repair  projects  to  keep  us  alive  longer  and  better 
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must  wait  on  such  advances.  And  so  must  our  specula¬ 
tions  for  the  time  being. 

The  goal  of  wisdom  may  be  in  learning  to  avoid  the 
fear  of  such  surgery-  its  beginning  must  be  in  giving  the 
body  an  opportunity  to  shift  for  itself  with  some  assist¬ 
ance.  We  should  attend  carefully  to  the  arguments  for 
diet,  hormone  control,  and  the  use  of  drugs  in  general. 
The  proposals  of  Metchnikolf,  Steinach,  Voronoff,  Sher¬ 
man  and  others  come  to  mind.  We  must  also  attend  to 
a  brisk  theoretical  debate  in  connection  with  those  proj¬ 
ects.  The  subjects  is  a  very  delicate  one  requiring  a  dis¬ 
crimination  between  abuse  and  legitimate  research.  Since 
we  are  likely  to  have  to  wait  long  for  a  solution  we  must 
give  some  attention,  too,  to  palliatives  that  have  been 
urged  to  make  the  brevity  of  life  seem  longer  or  more 
bearable. 

The  same  workers  who  have  given  theories  of  senes¬ 
cence  have  as  a  rule  expressed  an  opinion  about  rejuvenes¬ 
cence.  The  ^Tnevitabilists”  would  be  without  hope. 
Those  with  an  open  door  policy  keep  on  with  fragmen¬ 
tary  advances.  To  them  we  turn. 


IV 

HYGIENIC  MEASURES 


Numerous  projects  for  the  prolongation  of  life  can  be 
built  up  by  a  serial  consideration  of  the  various  factors 
that  injure  life  and  a  listing  of  precautions  to  avoid  them. 
The  difficulty  with  this  approach  is  that  the  solutions 
are  likely  to  be  quite  superficial.  Its  strength  lies  in  the 
fact  that  many  superficial  facts  taken  together  may 
amount  to  something  after  all.  There  is  no  end  of  good 
medical  advice  available,  which  by  a  turn  of  luck  rather 
than  knowledge  may  further  the  life  span  beyond  the 
mere  prevention  of  disease.  Although  life  insurance 
actuaries  disclaim  any  expectation  of  improving  “the  life 
span  itself”  (whatever  that  phrase  might  mean)  it  is  to 
be  noted  that  they  are  always  checking  up  for  an  increase 
in  the  upper  ages.  Such  an  increase  would  be  more  than 
a  mere  result  of  saving  more  young  lives  by  better  medi¬ 
cine.  In  years  to  come  such  tests  may  become  more 
crucial.  Admitting  the  common  claim  that  one  hundred 
and  six  years  is  an  absolute  limit  to  human  longevity  at 
present,  the  appearance  of  people  who  live  beyond  this 
age  in  the  future  would  force  a  revision  of  opinion.  In¬ 
sistent  voices  of  those  who  believe  that  diet  can  genuinely 

affect  the  life-span  of  rats  will  force  a  reexamination  of 
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the  whole  diet  question  in  the  case  of  humans,  with  the 
possible  result  that  really  better  diets  will  be  advised  and 
used  and  a  real  gain  will  be  made  in  longevity. 

At  present  life  extension  movements  refer  only  to 
extensions  of  the  average  life  span.  No  mean  task  this, 
since  it  involves  the  ambitious  programs  of  wiping  out 
typhus,  yellow  fever,  typhoid,  diphtheria,  tuberculosis, 
to  mention  only  the  relatively  ^^easy’’  diseases.  The  race 
is  also  developing  better  natural  resistance  to  some 
diseases,  like  hookworm.  At  least  we  like  to  think  so. 

In  connection  with  cancer  one  might  say  that  a  cure, 
if  found,  would  be  much  more  than  a  cure.  The  theoreti¬ 
cal  issues  involved  in  making  such  a  discovery  would 
lead  to  more  fundamental  insights  with  regard  to  the  life 
processes  of  embryonic  cells  and  their  organization  in 
higher  forms.  The  theory  would  involve  knowledge 
which  perhaps  will  enable  us  to  proceed  toward  real 
rejuvenation.  The  culture  of  cancer  tissue,  if  translated 
into  terms  of  human  longevity,  corresponds  to  enormous 
life  spans  running  into  thousands  of  years.  The  8500 
generations  through  which  Woodruff  put  the  para- 
mecium  through  without  death  or  any  slowing  up  in  life 
would  correspond  to  about  ^  million  years  of  human 
life.  It  is  all  very  alluring  and  all  very  distant. 

For  the  time  being  insurance  companies  may  concen¬ 
trate  on  distributing  ‘hen  heart  commandments’’  and  all 
sorts  of  prophylactic  bulletins  of  this  kind,  and  leave  re¬ 
juvenation  alone.  Both  they  and  the  medical  profession 
should  also  do  something  by  the  way  of  protecting  the 
public  against  broadsides  of  advice  from  amateurs  and 
overconfident  professionals.  Their  books  often  cite  ex- 


222 


THE  SPAN  OF  LIFE 


perimental  evidence  like  that  coffee  should  be  taken  with 
ham  and  eggs.  There  is  no  use  protesting  that  you  do  not 
like  coffee.  If  you  do  not  drink  it  you  will  shorten  your 
life  span!  A  very  well-known  volume  sets  an  ideal  for  a 
man  of  seventy-one  to  do  a  mile  in  7  minutes  and  5  5  sec¬ 
onds.  And  there  are  many  others  of  this  general  tenor 
written  by  men  of  rather  good  reputation.  If  the  flood  of 
advice  is  not  stemmed  it  might  be  a  second  best  idea  to  in¬ 
crease  it.  The  increase  would  ensure  a  complete  cancella¬ 
tion  of  all  advice  by  the  increasing  number  of  contradic¬ 
tions.  Always  read  more  than  one  pepbook.  The  criticism 
applies  just  as  well  to  the  psychological  advice  service  as 
to  the  purely  medical. 


V 

CONFLICT  AMONG  THE  THEORETICIANS 


To  turn  to  the  more  fundamental  issue  of  rejuvenes¬ 
cence,  one  might  again  make  a  series  of  proposals  to  the 
theoreticians  who  claim  to  have  spotted  the  one  and  only 
cause  of  senescence  to  go  about  modifying  that  one  cause 
and  to  produce  a  reversal.  It  is  true  that  the  one  who 
proposed  gravitation  as  the  cause  of  senescence  could  do 
very  little  about  it.  An  indefinite  ascension  in  balloons 
or  an  expedition  to  the  region  between  the  earth  and  the 
moon  where  gravity  is  at  its  weakest  would  be  about  the 
most  feasible  things  one  could  think  of  in  our  present 
state  of  mystification  concerning  gravitation.  Of  course, 
many  of  these  naive  theories  collapse,  except  in  the 
minds  of  their  authors,  very  readily  on  the  application 
of  the  test  of  reversal.  This  is  not  true  of  all,  however. 
Some  develop  actually  into  a  challenge  to  find  a  test  for 
reversal.  All  theories  that  postulate  a  toxin  of  some  kind 
are  of  this  nature.  They  would  lead  science  off  into  a 
hunt  for  the  toxin.  And  science  does  go  into  the  hunt 
very  assiduously  when  the  theoretician  becomes  rather 
specific  with  regard  to  the  origin,  if  not  the  nature  or 
chemistry,  of  the  toxin.  Metchnikoff’s  auto-intoxication 

theory  was  specific  enough  to  start  researches  which  will 
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go  on  indefinitely.  We  should  consider  them  seriously. 

Before  we  turn  to  specific  theories,  however,  it  may 
be  better  to  review  the  conflict  among  theoreticians  who 
have  tried  to  define  the  concept  of  rejuvenescence  on  the 
basis  of  work  principally  with  lower  organisms.  The 
mere  fact  that  there  is  no  death,  because  there  is  no 
corpse,  has  been  noted  long  ago  by  Weismann  for  uni¬ 
cellular  forms.  A  modern,  like  Child,  pursues  this  line 
for  detailed  knowledge.  A  series  of  questions  must  be 
asked:  Does  rejuvenescence  occur  somewhere  in  the 
course  of  sexual  reproduction,  or  does  the  germ  plasm 
from  which  the  sex  cells  arise,  not  grow  old?  Are  organ¬ 
isms  which  result  from  sexual  reproduction  also  young, 
or  is  sexual  reproduction  the  only  process  which  gives 
rise  to  young  organisms?  If  rejuvenescence  occurs,  upon 
what  does  its  occurrence  depend  and  what  is  its  nature? 
Does  it  occur  in  all  organisms  or  only  in  certain  of  them? 
Is  complete  rejuvenescence  possible,  and  is  the  species 
and  the  organic  world  in  general  undergoing  a  senescence 
which  will  lead  to  extinction? 

Biologists  of  this  class  do  not  only  note  that  the  dis¬ 
tinguishing  characteristic  of  higher  organisms  is  an  in¬ 
creasing  degree  of  differentiation  of  the  cells,  as  was 
pointed  out  in  the  discussion  of  senescence,  but  they  also 
give  as  close  attention  to  the  process  of  dedifferentiation 
or  a  loss  of  differentiation  which  may  go  on  at  different 
times.  Occasionally  it  is  self-propulsive  and  may  be 
evinced  by  a  reversal  in  direction  of  the  colloidal  chemi¬ 
cal  changes  of  self-differentiation.  The  synthesis  of  new 
colloidal  sols  (young  dispersions)  and  the  gradual  break¬ 
down  and  elimination  of  the  old  gel  (old  coarsening  of 
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Structure)  can  be  observed  in  nuclear  and  cell  divisions. 
Rejuvenation  (dedifferentiation)  is  of  such  a  character 
at  the  chemical  level.  The  biologist  does  not  necessarily 
consider  this  level  for  one  reason  or  another.  To  him 
rejuvenation  or  dedifferentiation  means  more  than  the 
mere  reversal  of  a  chemical  change.  It  is  reversibility  of 
development,  which  may  even  occur  without  detailed 
reversal  of  chemical  change  or  by  progressive  chemical 
changes  reproducing  cycles.  Lillie,  Loeb,  Driesch  and 
Schulz  have  adduced  many  instances  of  such  reversible 
developmental  processes.  In  the  metabolic  complex  very 
many  chemical  reactions  go  on  so  that  a  net  reversal 
may  set  in  merely  by  a  relative  change  of  the  rates  of  the 
competing  chemical  reactions.  Just  what  these  are  re¬ 
mains  to  be  seen  under  protracted  research.  Dedifferenti¬ 
ation  has  been  brought  about  so  far  by  forcing  the  cell 
to  use  up  its  own  substance  as  a  source  of  energy  and  so 
undergoing  reduction,  as  in  starvation.  Another  way 
tried  was  to  isolate  the  cell  from  the  action  of  some  of 
the  influences  which  brought  about  differentiation.  This 
may  be  accomplished  on  occasion  by  increasing  the  rate 
of  metabolism  of  the  cell  by  stimulation  or  otherwise. 

The  situation  can  be  made  to  sound  more  hopeful 
than  a  safe  and  sane  investigator  would  care  to  admit 
at  present.  It  was  Minot,  who  largely  is  an  ^Tnevita- 
bilist,’’  who  suggested  that  the  egg  before  fertilization 
is  an  old  cell  and  that  it  is  rejuvenated  in  the  early  stages 
of  embryonic  development.  He  did  not  see  much  pros¬ 
pect  of  controlling  the  phenomenon. 

C.  M.  Child  is  an  outstanding  investigator  in  this 
field.  He  developed  a  method  of  distinguishing  physi- 
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ologically  young  from  old  organisms  by  the  physiologi¬ 
cal  resistance  or  susceptibility  to  certain  conditions.  He 
called  it  the  survival-time  method.  It  consists  in  deter¬ 
mining  the  length  of  life  of  different  individuals  or  lots 
under  standardized  conditions  which  kill  by  making 
impossible  in  one  way  or  another  the  continuation  of 
metabolism.  Many  chemicals  are  available  for  this  pur¬ 
pose,  as  alcohol,  ether,  cyanides,  chloroform  and  other 
narcotics.  “Carbon  dioxide  and  water  in  which  large 
stocks  of  the  species  under  examination  have  been  kept 
and  which  therefore  contain  soluble  products  of  metabo¬ 
lism  have  also  been  used  in  a  few  cases  with  essentially 
similar  results.’’  This  sounds  very  much  like  coming 
nearer  to  “autointoxication.”  Besides  the  variation  of 
the  rate  of  metabolism,  the  investigator  notes  other  con¬ 
trasts  between  the  young  and  the  old,  as  differences  in 
motor  activity  and  the  capacity  for  growth  and  develop¬ 
ment.  Child  is  the  kind  of  investigator  who  does  not 
stress  the  morphological  (structural)  indications  of  age. 
To  him  senescence  and  rejuvenescence  are  primarily 
physiological  changes  and  only  secondarily  structural. 
The  structures  are  to  be  relied  on  only  if  they  tell  the 
same  story  as  the  physiology. 

In  many  of  the  lower  forms  reproduction  was  induced 
experimentally  by  the  isolation  of  pieces  of  the  body. 
These  pieces  reorganize  into  new  individuals,  with  the 
result  that  there  is  more  or  less  of  rejuvenescence.  Child 
paid  special  attention  to  the  reconstitution  of  pieces  in 
Planaria.  This  process  has  been  called  “form-regula¬ 
tion,”  “regeneration”  and  “restitution.”  The  pieces  pro¬ 
duced  complete  animals.  These  complete  animals  are 
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younger  than  the  animals  from  which  they  came  and  are 
capable  of  going  through  all  the  normal  stages  of  the 
life  history  belonging  to  the  particular  species.  They 
grow  more  rapidly.  They  keep  true  physiological  time. 
Their  degree  of  rejuvenescence  is  in  general  propor¬ 
tional  to  the  degree  of  reorganization  in  the  process  of 
reconstitution  of  the  piece  into  a  whole. 

A  see-sawing  is  possible.  By  successive  restitutions 
alternating  with  feeding  and  growth,  the  animals  may 
be  brought  back  to  essentially  the  same  stage  in  the  age 
cycle  in  each  successive  generation,  and  by  successive 
reconstitutions,  without  feeding  and  growth,  they  may 
be  made  progressively  younger  physiologically  in  each 
successive  generation,  until  further  reconstitution  be¬ 
comes  impossible. 

This  generalization  can  be  made:  ^^Senescence  itself 
is  a  physiological  factor  inducing  reproduction  and  re¬ 
juvenescence.’’ 

Many  interesting  things  can  be  done  with  starved 
animals.  The  conclusion  is  forced  upon  one  that  a  real 
rejuvenation  can  take  place.  After  very  little  feeding 
the  reduced  animal,  according  to  Child’s  tests,  is  indis¬ 
tinguishable  from  the  young  animal  in  nature,  and  as 
regards  susceptibility,  carbon  dioxide  production  and 
capacity  for  acclimation,  is  capable  of  undergoing  senes¬ 
cence  again.  He  reports  an  experiment  with  a  stock  of 
animals  based  on  the  strategy  of  keeping  the  animals 
indefinitely  at  a  certain  age  by  giving  them  a  quantity  of 
food  just  sufficient  to  prevent  reduction  but  not  sufficient 
to  permit  growth. 

An  even  more  startling  generalization  can  be  made: 
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^^The  idea  that  life  proceeds  only  in  one  direction  from 
youth  to  age  and  death  must  be  abandoned.  Rejuvenes¬ 
cence  is  as  essential  a  feature  of  life  as  senescence.  Senes¬ 
cence  often  leads  inevitably  and  automatically  through 
reproduction,  reduction  and  dedifferentiation  to  rejuve¬ 
nescence.’’  In  general,  Child  claims:  ^^These  experiments 
demonstrate  that  the  differentiated  somatic  cells,  can 
return  to  a  physiological  condition  which  at  least  ap¬ 
proaches  that  of  embryonic  or  undifferentiated  cells,  and 
there  is  no  reason  for  believing  that  a  hypothetical  parcel 
of  germ  plasm  in  the  nucleus  of  these  cells  is  in  any  way 
responsible  for  this  regression.”  Thus,  fatalism  applied 
to  cellular  life  and  even  higher  forms  works  both  ways. 

There  are  many  questions  which  still  remain  unan¬ 
swered.  Their  answering  is  a  labor  for  the  millennium. 
One  such  question  is  whether  one  can  make  conclusions 
of  the  same  sort  beyond  the  individual  life  cycle.  Does 
the  species  show  a  progressive  senescence?  Does  it,  if 
it  be  a  fact,  lead  to  death?  Is  species  rejuvenescence 
possible?  All  kinds  of  answers  are  possible.  Leave  them 
to  the  fearless  optimists. 

One  should  not  get  the  impression  that  there  is  any 
strict  uniformity  of  interpretation  of  the  data  on  re¬ 
juvenation.  The  term  can  be  defined  in  so  many  ways 
that  a  rival  investigator,  e.  g.  Robertson,  might  only 
grudgingly  admit  Child’s  rejuvenations  to  be  “a  kind  of 
rejuvenation,”  not  quite  what  the  heart  would  desire. 
In  the  meantime  facts  accumulate.  We  know  now  that 
the  potentially  unlimited  reproducing  power  by  fission 
is  not  restricted  to  unicellular  organisms  alone.  The 
Jensen  tumor  by  transplantation  has  outlived  the  life 
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spans  of  the  original  mice  from  which  it  came.  The  same 
thing  has  been  done  for  the  specialized  tissues  of  the 
vertebrates.  It  is  no  longer  a  bold  thing  to  imagine  this 
potential  immortality  to  hold  for  all  cells.  How  the  facts 
are  fitted  to  a  point  of  view  can  be  gathered  from  Robert¬ 
son’s  summary  in  terms  of  what  he  considers  to  be  im¬ 
portant,  namely  the  ratio  of  nuclear  to  cytoplasmic  con¬ 
stituents  in  a  cell  as  a  gauge  of  age:  “The  process  of 
differentiation,  whereby  the  complex  variety  of  tissues 
of  the  higher  animals  are  enabled  to  develop,  results  in, 
or  rather  is  accomplished  by  means  of  a  step-by-step 
reduction  of  the  ratio  of  nuclear  to  cytoplasmic  constit¬ 
uents.  Since  the  effect  of  starvation  is  to  increase  this 
ratio  it  accomplishes  a  partial  restoration  of  more  primi¬ 
tive  nucleo-cytoplasmic  ratios,  and  to  this  extent  consti¬ 
tutes  a  species  of  rejuvenation  of  the  cells.”  Yet,  “what 
was  formerly  a  diet  which  barely  permitted  maintenance 
becomes  after  a  period  of  starvation,  and  even  at  the 
same  body  weight,  a  diet  which  permits  growth.  The  rate 
of  cellular  anabolism  is  enhanced  after  starvation  and 
the  readmission  of  food:  Starvation,  therefore,  tends  to 
rejuvenate  the  organism  in  two  ways 3  in  the  first  place 
by  reducing  the  ratio  of  cytoplasm  to  nucleus  to  a  level 
characteristic  of  an  earlier  stage  of  development,  and  in 
the  second  place,  by  preferentially  diminishing  the 
tissues  of  low  metabolic  rate,  and  thus  leaving  a  greater 
proportion  of  tissues  of  high  metabolic  rate,  which  are 
usually  tissues  of  a  less  (physiologically)  differentiated 
character,  that  is  to  say,  tissues  of  an  ontogenetically 
early  type.”  According  to  Robertson  the  rejuvenation  is 
a  fact,  but  is  far  from  being  a  great  success.  The  subse- 
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quent  senescence  is  accelerated  and  is  not  a  happy  one. 

This  arguing  to  and  fro  is  not  at  all  fatal  to  any  one 
theory.  It  simply  puts  the  defenders  of  opposing  theses 
on  their  mettle  to  produce  incontrovertible  proofs.  If 
the  rejuvenescences  are  really  not  satisfactory,  the  prob¬ 
lem  is  simply  opened  as  to  how  to  make  them  satis¬ 
factory.  There  is  no  inherent  reason  for  abandoning  the 
enterprise  at  the  appearance  of  difficulties.  The  efforts 
to  produce  clearer  and  clearer  rejuvenescences  will  go  on. 
The  more  descriptive  theories  of  human  senescence 
which  we  shall  discuss  next  must  wait  on  these  researches 
for  their  scientific  foundations. 


VI 

DIETS,  HORMONES  AND  DRUGS 


The  paths  of  correlations  combined  with  fragmentary 
theoretical  insight  have  produced  several  admittedly 
qualitative  plans  for  rejuvenations  or  mere  prolonga¬ 
tions  of  life.  The  discussions  usually  center  about  the 
subjects  of  diets,  hormones  and  drugs.  They  are  pre¬ 
sented  as  nourishment,  stimulants  or  purifiers  for  the 
cellular  systems  about  which  we  still  know  so  little. 
Their  chief  claim  for  consideration  is  that  occasionally 
something  seems  to  work  which  is  no/:  inconsistent  with 
the  proposed  theory  of  the  action  of  these  agents.  Those 
who  are  content  with  mere  facts  will  find  at  least  this 
much  substance  to  work  on:  challenging  effects  have 
been  observed. 

a.  Metchnikoff 

Metchnikoff’s  historic  proposals  concerning  diet  have 
been  mentioned  before.  He  was  not  proposing  rejuvena¬ 
tion  but  the  fulfillment  of  the  normal  life  span  which 
he  placed  far  beyond  the  century  mark.  He  was  not  at 
all  petrified  by  the  mystic  roundness  of  the  number  lOO. 
A  more  recent  trend,  represented  by  the  school  of  Sher¬ 
man,  is  to  speak  as  if  an  essential  span  of  life  has  actually 
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been  lengthened  by  diet.  This  sounds  like  a  claim  of  the 
suspension  of  senescence  and  thus  would  be  a  claim  of  a 
“kind  of  rejuvenation.’’ 

Whether  Metchnikoff  was  right  or  wrong  in  every 
detail  concerning  the  effect  of  intestinal  putrefaction  on 
longevity  is  unsettled.  There  is  a  lofty  tendency  on  the 
part  of  some  to  wave  him  aside,  and  to  appropriate 
with  altogether  too  much  friendship  any  wisp  of  evi¬ 
dence  against  any  of  the  dicta  of  Metchnikoff.  It  is  part 
of  the  implied  demonstration  that  we  up-to-date  scien¬ 
tists  know  better.  Too  often,  however,  the  one  to  laugh 
last  was  not  the  confident  critic.  An  English  authority. 
Dr.  Herschell,  has  shown,  regardless  of  the  virtues  of 
the  Bacillus  bulgaricus,  that  in  general  the  symptoms 
of  the  poisoning  by  the  toxic  substances  produced  by  in¬ 
jurious  bacteria  in  the  large  intestine  may  include  head¬ 
aches,  misery  and  depression  of  spirits,  drowsiness  and 
stupor,  giddiness,  dimness  of  sight  and  dizziness,  fatigue 
without  obvious  cause,  both  of  the  muscles  and  brain, 
fear,  panic,  and  nervousness,  disagreeable  sensations  in 
the  limbs  and  face,  such  as  numbness,  tingling,  or  prick¬ 
ling,  crawling  sensation  of  weight  or  of  heat  or  cold, 
dyspepsia  of  the  sort  where  there  is  a  deficiency  of 
hydrochloric  acid  and  pepsin  in  the  gastric  juice,  accom¬ 
panied  by  flabbiness  and  loss  of  power  in  the  muscles  of 
the  stomach,  and  characterized  by  flatulence,  nausea,  loss 
of  appetite,  with  discomfort  and  weight  after  food, 
furred  tongue,  emaciation,  earthy  color  of  the  skin, 
offensive  perspiration,  and  other  signs  of  biliousness,  en¬ 
largement  of  the  liver,  and  anemia. 

What  a  superb  list  of  life-shorteners!  What  if  some 
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authors  feel  like  putting  the  epigram  that  the  way  of 
rejuvenation  undoubtedly  lies  through  the  stomach  and 
intestines  j  or  prefer  to  create  such  amiable  slogans  as  “a 
contented  mind,  a  well-nourished  body,  an  empty  colon, 
and  clean  surroundings.”  Most  assuredly  premature  se¬ 
nescence  is  brought  on  by  bad  cookery  and  gluttony! 

b.  On  Food  in  General 

The  problem  of  dietary  adjustments  is  exceedingly 
complex  and  still  beyond  the  powers  of  anybody  even 
to  frame  it  properly.  Dogmatists  concerning  diet  are 
merely  ignorant.  It  is  only  too  easy  to  lump  all  proteins 
into  one,  all  carbohydrates  into  one,  all  fats  into  one,  and 
to  call  part  of  the  rest  ^^mineral  salts”  and  another  part 
“accessories.”  The  last  are  now  less  happily  designated  as 
vitamins. 

The  proteins  are  of  the  greatest  variety.  They  all  con¬ 
tain  approximately  the  same  amount  of  nitrogen  and  are 
decomposable  into  mixtures  of  over  a  score  of  simpler 
compounds,  the  amino  acids.  Some  contain  sulfur.  The 
manner  of  combination  of  the  amino  acids  is  still  far 
from  clear  because  vast  numbers  of  them  enter  into  a 
single  molecule  of  protein.  The  proteins  in  turn  com¬ 
bine  with  other  substances. 

The  carbohydrates  are  also  far  from  simplicity  itself. 
The  structure  of  starch  is  far  from  clear  even  in  a  rudi¬ 
mentary  sense.  The  sugars  are  known  rather  well  in  a 
few  aspects.  They  do  not  happen  to  be  the  very  im¬ 
portant  ones  from  the  viewpoint  of  physiology.  How 
sugar  is  stored  in  the  liver  as  glycogen  is  a  problem  of 
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Utmost  complexity,  though  it  sounds  simple  to  say  that 
the  sugar  is  “polymerized.”  Try  and  explain  “polymer¬ 
ization.” 

The  fats  are  relatively  simple  but  their  chemistry  as 
it  proceeds  in  the  body  is  still  largely  a  dark  mystery. 
What  goes  under  the  name  of  fat  includes  the  so  called 
“lipoids,”  such  substances  as  lecithin  and  cholesterol. 
These  substances  are  present  in  small  amounts  in  natural 
fats,  but  what  good  or  havoc  they  may  do!  Some  three 
ounces  of  cholesterol  in  the  adult  body  are  involved  in 
numerous  ways  in  almost  every  process  of  consequence. 
It  is  convertible  into  hormones,  notably  those  of  sex  j  it  is 
related  to  vitamins  and  cancer-producing  substances.  It 
is  present  in  “hardened”  arteries,  in  all  organs  and  in  all 
body  fluids.  Lecithin  in  a  partly  dissociated  state  may 
play  a  role  as  a  constituent  of  snake  venom.  It  is  only 
one  representative  of  a  group  of  substances,  if  it  can  be 
called  “one”  by  courtesy.  How  these  substances  are 
assimilated  is  an  almost  totally  unsolved  problem. 

The  salts  are  easy  chemicals  to  spot.  Their  significance, 
however,  lies  in  their  proportions.  They  form  a  complex 
mixture  and  involve  a  balance  not  only  amongst  them¬ 
selves  but  also  with  every  other  substance  present  and 
its  organization.  The  salts  play  extraordinary  roles  in 
the  form  of  minute-electrically  charged  films  in  asso¬ 
ciation  with  all  the  other  types  of  materials.  One  must 
also  know  their  distribution,  their  intimate  distribution. 
Although  we  know  something  of  the  general  distribu¬ 
tion  of  common  table  salt  in  the  body  from  analysis  of 
blood  and  tissues,  we  know  almost  nothing  about  its 
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orientation  in  filmSj  and  it  is  the  latter  that  really  matters 
in  the  mechanisms  of  life  and  nutrition. 

The  vitamins  are  a  fast  multiplying  brood.  Not  so 
long  ago  they  were  thought  to  be  three,  two  fat  soluble 
and  one  water  soluble,  designated  by  letters  of  the  alpha¬ 
bet.  Now  the  alphabet  is  almost  exhausted  and  some 
letters  are  used  as  many  as  six  times  with  subscripts,  e.  g. 
Bi  to  Be.  Only  a  short  time  ago  it  was  a  daring  thing  to 
speculate  about  this  fact.  Said  T.  B.  Robertson,  cau¬ 
tiously:  ^^When  we  consider  the  multitude  of  organic 
compounds  which  are  contained  in  the  body  of  an  animal, 
the  great  variety  of  interactions  in  which  they  partici¬ 
pate  and  the  limited  synthetical  power  of  animal  tissues, 
it  is  not  a  matter  for  surprise  that  organic  dietary  con¬ 
stituents  should  be  required  in  addition  to  those  neces¬ 
sary  for  the  supply  of  energy  or  the  manufacture  of 
protein,  but  that  they  should  apparently  be  limited  in 
number  to  three.  One  is  led  to  inquire  whether  addi¬ 
tional  accessories  may  not  yet  await  discovery.  It  is  true 
that  animals  have  been  maintained  in  health  for  long 
periods  upon  diets  which  are  believed  to  contain  no  other 
than  the  three  ascertained  accessories,  but  we  must  re¬ 
member  that  had  we  been  limited  to  the  investigation 
of  the  dietary  requirements  of  the  rat  we  would  have 
inferred  that  the  essential  dietary  accessories  are  but 
two  in  number,  and  in  similar  fashion  others  may  as  yet 
have  escaped  notice.  The  ability  to  store  up  dietary 
requisites  to  be  expended  when  necessary  in  satisfying 
subsequent  requirements  enables  the  adult  rat,  for  ex¬ 
ample,  to  withstand  deprival  of  the  fat-soluble  accessory 
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for  periods  exceeding  a  year,  or  one-half  the  normal 
duration  of  its  life.  Accessories  are  transmitted  to  the 
young  through  the  circulation  and  subsequently  through 
the  mammary  secretion  of  the  mother  and  the  examples 
already  would  require  one  or  two  or  even  more  genera¬ 
tions  to  exist.  The  fact  that  the  effects  of  unusual  foods 
or  even  lack  of  food  have  in  certain  instances  been  traced 
for  two  or  three  generations  after  redemption  of  the 
normal  diet  indicates  that  nutritive  acquirements  or  de¬ 
ficiencies  may  exert  effects  extending  far  beyond  the  in¬ 
dividual  immediately  affected.” 

The  food  accessories  include  now  anti-anaemic  princi¬ 
ples  of  liver  and  other  active  principles  that  can  be  taken 
by  mouth.  If  we  include  injection  as  a  kind  of  feeding, 
the  food  picture  becomes  as  complex  as  the  very  picture 
of  life.  A  score  of  hormones  have  to  be  considered,  such 
as  adrenalin,  thyroxin  and  insulin,  which  constantly 
make  the  headlines.  Research  is  dealing  at  the  moment 
with  many  substances  merely  marked  X,  known  merely 
through  their  activities. 


c.  The  Triumph  of  Milk 

With  regard  to  longevity  only  the  most  general  kind 
of  work  is  possible.  Argument  always  has  to  be  by  sta¬ 
tistics.  Observations  of  the  crudest  kind  may  serve  as 
starting  points  on  the  chance  that  they  may  carry  a 
granule  of  truth.  E.  V.  McCollum  might  shrewdly 
point  out  that  pastoral  people,  who  live  on  dairy  prod¬ 
ucts,  have  a  better  longevity.  Such  a  thing  is  credited 
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loosely  without  waiting  for  accurate  statistics.  R.  Mc- 
Carrison  might  point  out  that  the  frugal  races  in  the 
Himalayas  are  long  lived.  Again,  the  statistics  are  weak. 
Another  points  out  that  centenarians,  with  the  excep¬ 
tion  of  Sir  Moses  Montefiore,  were  poor  people.  But 
there  are  so  many  poor  people!  Someone  (Metchnikoff) 
shows  that  Mongols  and  Tartars,  who  lived  on  milk, 
lived  long  on  it.  Another  observer  comments  on  some 
data  which  seems  to  show  that  Canadians  who  migrated 
to  America,  and  changed  their  diet,  have  become 
longer  lived.  All  this  would  be  perhaps  empty  talk,  were 
it  not  for  the  enterprise  of  investigators  to  test  milk  as  a 
prime  factor,  or  the  frugality  of  diet  or  partial  starvation 
on  rats  1 

The  experiments  on  the  standard  white  rat  are  already 
a  matter  of  common  knowledge.  A  generation  of  in¬ 
vestigators, — Osborne,  Mendel,  Folin,  Morris,  McCol¬ 
lum, — labored  to  establish  the  reliability  of  dietary  ex¬ 
periments  on  this  animal  and  their  cogency  to  human 
feeding.  H.  C.  Sherman  built  well  when  he  followed 
their  demonstration  (expecially  McCollum’s)  that  the 
life  span  of  rats  can  be  shortened  by  dietary  deficiency, 
with  an  attempt  to  lengthen  it.  In  a  famous  experiment 
one  set  of  rats  was  kept  on  a  diet  one-sixth  milk  and  five- 
sixths  whole  wheat,  plus  the  requisite  salts,  and  another 
set  was  kept  on  a  diet  of  one-third  milk  and  two-thirds 
whole  wheat,  plus  the  requisite  salts.  There  was  some¬ 
thing  like  a  ten  per  cent  gain  in  the  life  span  of  the  rats 
which  had  relatively  more  milk.  It  was  a  gain  over  a 
normal.  We  reproduce  one  of  the  tables.  Diet  A  had 
less  milk  than  B. 
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%  lives 

longer  than  Males  Females 


in  days) 

Diet  A 

Diet  B 

Diet  A 

DietB 

600 

42.9 

65-3 

54.1 

73-0 

700 

14.8 

32.3 

27.6 

43-6 

800 

2.9 

10.5 

12.2 

15.9 

900 

0.0 

1.6 

2.6 

5-5 

1000 

0.0 

0.0 

0.5 

1.2 

The  odds  that  the  effect  is  genuine  are  10,000  to  i,  on 
grounds  of  ordinary  statistical  theory. 

The  experiments  of  Sherman  ako  lengthened  the 
active,  productive  period  of  the  rats.  Rats  that  grew 
fastest  also  lived  longer.  A  long  life  also  means  a  better 
life. 


d.  Rival  Diets 

Individual  dietary  factors  have  been  investigated  as 
to  their  toxicity  at  various  ages.  Thus,  cystine,  an  amino 
acid  containing  sulfur,  was  proved  to  be  of  equal  degree 
of  safety  both  for  young  and  old.  Were  it  otherwise 
there  would  have  been  a  clue  to  follow  up.  Many  such 
trials  are  made  with  negative  results.  Slonaker  made  a 
study  in  the  same  spirit  on  the  effect  of  different  per 
cents  of  protein  in  the  diet  on  the  life  span  and  cause  of 
death  in  rats.  The  optimum  protein  content  for  longevity 
was  a  little  greater  than  fourteen  per  cent.  It  is  interest¬ 
ing  to  see  how  such  conclusions  are  made,  in  some  detail. 
We  quote  them:  “When  five  groups  of  rats,  I,  II,  III, 
IV  and  V,  were  fed  throughout  life  on  diets  containing 
ten,  fourteen,  eighteen,  twenty-two,  and  twenty-six  per 
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cent  protein  respectively  the  following  results  were  ob¬ 
tained: 

1.  The  greatest  average  maximal  weight  and  the 
greatest  average  spontaneous  activity  were  attained  on 
the  fourteen  per  cent  protein  diet  and  the  lowest  on  the 
twenty-six  per  cent. 

2.  The  highest  per  cent  of  fertility  in  both  sexes  was 
found  in  group  II  and  lowest  in  group  V. 

3.  The  length  of  the  reproductive  span  from  greatest 
to  least  was  in  the  order  of  groups  II,  I,  III,  IV,  V. 

4.  The  average  number  of  litters,  the  average  size  of 
the  litters,  and  the  average  number  of  young  per  pair 
from  greatest  to  least  was  in  the  order  of  groups  II,  I, 
III,  IV,  and  V. 

5.  The  mortality  of  the  young  while  nursing  was 
least  in  group  II,  and  greatest  in  group  V. 

6.  Best  growth  of  the  young  during  lactation  was  at¬ 
tained  on  the  higher  per  cent  protein  diets. 

7.  The  average  life  span  from  longest  to  shortest  in 
both  sexes  was  in  the  order  of  group  II,  III,  I,  IV,  V. 

8.  The  most  frequent  disturbances  associated  with 
death  was  lung  trouble.  This  was  more  prevalent  in 
males  than  in  females.  No  correlation  between  this  ail¬ 
ment  and  the  per  cent  of  protein  in  the  diet  could  be 
made.’’ 

Other  researches  compare  series  of  rats  merely  by 
varying  an  ingredient,  such  as  a  sugar.  A  typical  investi¬ 
gation  compares  lactose  (milk  sugar)  with  sucrose  (cane 
sugar).  Conclusion:  the  lactose-fed  lived  longer  than  the 
sucrose-fed.  No  one,  however,  will  say  that  the  su¬ 
periority  is  certain  to  carry  over  to  other  supporting 
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diets  than  the  one  that  happened  to  be  used.  Years  of 
effort  are  necessary  to  clear  up  even  such  minor  issues. 

At  Cornell  Drs.  C.  M.  McCay,  M.  F.  Crowell,  L.  A. 
Maynard  and  S.  A.  Asdell  have  been  studying  the  re¬ 
tarding  of  growth  of  rats  in  order  to  influence  their  life 
span.  If  retardation  as  to  maturity  to  seven  hundred  and 
sixty-six  and  nine  hundred  and  eleven  days  occurs  the 
rat  body  can  still  grow,  but  not  to  full  size.  They  found 
the  male  to  retain  the  potential  more  than  the  female. 
Most  important  of  all,  they  obtained  extreme  ages  be¬ 
yond  normals,  with  an  average  better  for  retarded  males, 
but  not  females.  Dr.  Maynard  plans  to  study  the  effect 
of  exercise.  The  new  problem  is:  does  exercise  speed  up 
or  retard  senile  changes? 

The  results  of  Sherman  and  Maynard’s  groups  seem 
to  be  contradictory.  Unless  one  made  a  mistake,  how¬ 
ever,  they  need  not  be.  An  explanation  will  probably  be 
discovered  when  the  diets  and  other  conditions  are 
scrupulously  compared.  They  were  undoubtedly  suffi¬ 
ciently  different.  We  leave  it  to  the  experts. 

The  starvation  plan,  it  must  be  mentioned,  has  a  most 
interesting  verification  in  experimental  work  of  a  high 
order  that  had  been  done  on  rejuvenation  of  flatworms. 
It  is  a  fact  that  flatworms  have  been  kept  stationary  by 
starving  for  a  period  equal  to  nineteen  normal  life 
spans. 

In  the  light  of  the  difficulty  or  researches  with  diets, 
and  their  prime  importance,  prospects  are  rather  remote 
for  any  substantial  gain  being  made  along  the  direction 
of  investigating  other  factors  in  good  old  medical  advice. 
Ross,  who  got  the  longevity  prize  in  1896  at  the  age  of 
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one  hundred  and  four,  might  have  won  it  by  having 
been  an  inveterate  smoker.  One  wonders  who  cares  to 
pursue  the  clue?  And  can  it  be  done  significantly? 

One  prediction  may  be  ventured.  Recent  successes  in 
the  synthesis  of  pure  “accessories,”  vitamins  and  hor¬ 
mones,  will  lead  to  more  and  more  studies  on  their 
possible  connection  with  longevity.  The  researches  will 
range  from  unicellular  organism  to  ourselves.  These 
minute  active  substance  are  cogent  to  all  life,  because 
even  plants  have  their  own  hormones  and  are  responsive 
to  animal  hormones.  It  took  about  a  quarter  of  a  cen¬ 
tury  to  synthesize  vitamin  A  after  its  discovery.  The 
labor  was  worth  it.  “A”  is  found  in  butter,  cod  liver  oil, 
egg  yolk,  in  large  amounts,  and  in  many  other  things  in 
lesser  amounts.  It  is  credited  with  beneficial  effects  on 
the  eye  and  vision,  increasing  resistance  to  respiratory 
diseases,  including  the  common  cold,  and  the  promotion 
of  growth  and  vigor.  The  presence  of  this  pure  substance, 
as  well  as  of  others,  simplifies  the  complexity  of  dietary 
research. 

Perchance  there  may  turn  up  vitamin  actions,  which 
at  first  will  stimulate  guesses  as  to  connection  with 
longevity  and  then  perhaps  more.  One  cannot  help  feel¬ 
ing  this  when  a  certain  vitamin  lack  permits  the  graying 
of  hair  and  its  restoration  turns  the  hair  black  again.  It 
seems  to  be  one  of  the  four  or  six  vitamins  B.  It  is  differ¬ 
ent  from  the  others,  one  of  which  prevents  the  disease  of 
the  nervous  system  common  in  the  Orient,  beri-beri  j  an¬ 
other  lactoflavin,  which  may  prevent  cataract  in  the  eye; 
still  another,  a  preventative  for  pellagra,  a  deficiency 
disease  prevalent  among  the  poor  in  the  South.  It  is  ob- 
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tained  from  the  same  source  as  the  others,  rice-bran.  A 
disturbing  thought,  discouraging  hope,  is  the  reminder 
that  black  rats  ordinarily  do  not  turn  gray  in  old  age. 
Well,  let  us  try  again! 

While  we  are  commenting  on  the  possibilities  of 
dietary  research  we  wish  to  point  out  that  a  revival  of 
Metchnikoff^s  approach  in  a  new  form  may  be  much 
worth  while.  The  stress  he  placed  on  the  macrophages 
and  their  control  by  diet  will  bear  new  interpretation 
since  we  know  so  much  more  about  the  macrophages 
now.  Combined  they  would  form  a  rather  large  organ. 
They  eat  dead  cells  and  bacteria  and  are  the  mechanism 
by  which  black  and  blue  spots,  black  eyes  and  the  like 
are  eliminated.  They  are  probably  involved  in  the  de¬ 
velopment  of  immunities  to  diseases  and  may  serve  as 
intermediaries  in  the  circulation  of  hormones.  And,  then, 
there  is  always  cancer.  Some  malignant  tumors  seem  to 
behave  like  the  macrophages.  We  propose  that  the 
macrophages,  although  they  are  “scavengers,”  are  far 
from  being  vampires.  The  products  of  the  assimilation 
of  the  human  diet,  are  also  their  environment. 


e.  Steinach  and  Voronoff 

The  connection  between  sexual  potency  and  longevity 
has  been  urged  throughout  the  ages. 

The  glandular  reconstructions,  associated  with  the 
names  of  Drs.  Steinach  and  Voronoff,  no  longer  scandal¬ 
ize.  Whatever  the  criticisms  may  be  they  are  no  longer 
of  the  character  of  flat  denials  which  employ  the  word 
“impossible.”  There  are  many  people  who  are  uncon- 
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vinced  by  the  specific  findings  of  these  men,  yet  do  not 
assert  that  there  is  nothing  whatsoever  to  the  approach 
from  a  wider  point  of  view. 

Steinach  made  the  discovery  that  after  tying  the  vasa 
(testicular  duct)  of  decrepit  old  male  rats,  the  animals 
brighten  up,  grow  fatter,  regain  sleek  furs,  become  agile 
and  pugnacious,  and  become  sexually  potent  once  more. 
A  study  revealed  that  the  probable  mechanism  was  the 
production  of  an  excess  of  male  sex  hormone  by  the  in¬ 
terstitial  cells  of  the  testes.  To  fix  responsibility  Steinach 
called  these  interstitial  cells  the  ^‘^puberty  gland.”  In  the 
female  he  found  no  duct  to  tie  from  the  ovary.  The 
hormone  was  sought  not  in  the  ova  but  in  the  stroma  of 
the  ovary.  Here  X-rays  were  used  to  obtain  a  steriliza¬ 
tion,  which  was  claimed  to  bring  about  some  rejuvena¬ 
tion. 

Doubt  was  cast  on  the  genuineness  of  the  rejuvena¬ 
tions.  The  tide  now  is  turning  in  favor  of  Steinach.  It 
was  helped  by  the  stricter  physico-chemical  tests  on  the 
plasticity  and  elasticity  of  tissue  by  Ruzicka  of  Prague. 
One  must  be  well  acquainted  with  such  matters  first 
hand  in  order  to  be  convinced.  The  opposition  to  Stein¬ 
ach  involved  more  than  mere  scientific  skepticism.  There 
was  much  said  that  was  inspired  by  psychological,  socio¬ 
logical  and  religious  bias.  The  operation  in  man  is  far 
from  shocking.  It  usually  involves  the  ligature  of  one 
duct  leaving  the  patient  unsterilized.  If  the  stimulating 
results  are  entirely  due  to  suggestion  they  have  lasted  an 
astoundingly  long  time  in  several  cases,  i.  e.  several 
years.  Nor  does  Steinach  credit  the  puberty  gland  with 
the  entire  effect.  He  says  “These  experiments  estab- 
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lished  the  fact  that  the  puberty  gland  can  also  produce 
an  indirect  effect  upon  the  symptoms  of  senescence  by 
means  of  other  endocrine  glands”  (meaning  the  thyroids 
and  the  pituitary). 

The  word  rejuvenation  is  too  strong  for  many.  Yet 
the  changes  seem  striking.  Harms  observed  the  falling 
off  of  the  so  called  papilloma  of  old  age  in  senile  dogs 
on  whom  implantation  of  active  puberty  gland  was  prac¬ 
ticed,  rather  than  ligature.  In  human  beings  the  follow¬ 
ing  changes  have  been  noted  by  a  series  of  independent 
investigators:  disappearance  of  eczema  and  senile  pruri¬ 
tus,  better  skin  regeneration,  increased  tonus  of  the  vol¬ 
untary  muscles,  a  lowering  of  blood  pressure  in  hyper¬ 
tonia  and  arteriosclerosis,  complete  disappearance  of 
tremor  senilis,  improved  vision,  improved  hearing  (ob¬ 
jectively  tested). 

The  opponents  maintain  that  all  these  effects  are  tran¬ 
sient,  that  it  is  the  generative  tissue  that  produces  the 
hormones  and  that  this  production  lasts  only  as  long  as 
there  is  spermatogenesis.  Steinach’s  partisans  believe 
that  the  effect  arises  from  the  interstitial  glands  and 
sends  an  impulse  to  the  entire  organism  having  far 
reaching  effects  and  tending  toward  restitution.  The 
opponents  in  turn  claim  that  when  final  senility  sets  in 
it  makes  up  for  lost  time.  For  this  it  is  difficult  to  find 
data. 

It  were  sane,  were  it  not,  to  admit  that  the  endocrines 
might  help  some  day  when  the  intricate  connections  be¬ 
tween  all  of  them  are  traced  in  some  detail?  The  door 
should  be  left  open  to  the  power  one  might  find  in 
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learning  the  requirements  of  a  healthy  balance  char¬ 
acteristic  of  youth. 

The  same  considerations  apply  to  Voronolf’s  trans¬ 
plantation  experiments.  Dr.  Sergei  Voronolf  has  had  the 
courage  to  persist  for  a  couple  of  decades  in  a  course  of 
action  which  was  opposed  quite  vigorously.  The  opposi¬ 
tion  to  him  also  reflected  all  kinds  of  prejudices  almost 
all  of  which  were  not  of  a  medical  or  a  scientific  sort. 
To  the  man  who  said,  ^^Between  the  twelfth  of  June, 
1920  and  October  fifteenth,  1923, 1  performed  fifty-two 
testicular  grafting  operations.  The  graft,  in  one  instance, 
was  taken  from  man  (autograft),  in  all  other  cases  the 
grafts  were  obtained  from  apes,’’  the  answer  was  that  his 
procedure  was  shocking  to  morals,  good  taste,  and  good 
sense.  He  kept  on  nevertheless. 

The  least  he  could  say  was  that  he  did  not  kill  a  single 
animal  by  his  operation.  He  was  careful  enough  to  make 
observations  which  lasted  at  least  four  months  and  ex¬ 
tended  to  three  years.  Since  negative  results  haunt 
everything  medical,  they  were  to  be  expected  here  too. 
Five  to  twelve  per  cent  could  be  counted  failures.  A 
neurasthenic  monkey,  a  poor  soul  that  had  mumps,  and 
a  case  of  infantilism  of  the  genitalia  due  to  great  youth, 
were  instances  of  this  kind. 

The  positive  results  told  their  story  better:  physical 
and  mental  restoration  in  36—88  per  cent  of  the  cases  5 
that  and  sexual  restoration  in  26-55  cent. 

It  took  time  to  discover  precautions,  for  example,  that 
it  was  necessary  to  use  apes  at  or  near  puberty. 

Voronoff  has  never  shrunk  from  acknowledging  this 
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possibility.  He  has  pointed  somewhat  gleefully  to  the 
fact  that  ^hhe  apes  enjoy  the  regrettable  privilege  of 
being  the  only  animals  who  contract  our  diseases:  ty¬ 
phoid  fever,  syphilis,  etc.’’  He  has  visioned  a  great  fu¬ 
ture  in  organic  grafting, — bones,  skin,  tendons,  nerves, 
internal  organs  and  the  glands.  And  with  it  all,  pro¬ 
longation  of  life. 

It  is  tempting  to  go  on  to  point  out  that  we  now  ad¬ 
minister  active  glandular  substances  for  diseased  condi¬ 
tions  and  for  “regulation”  as  well.  The  regulation  is  still 
largely  a  stab  in  the  dark.  It  is  a  stab  in  the  dark  based 
on  the  supposition  that  regulation  may  postpone  the 
breakdowns  of  senescence. 

f.  Hormones  in  themselves 

The  Steinach  and  the  Voronoff  schools  may  gradually 
turn  away  from  needless  operation  as  chemistry  pro¬ 
gresses  in  the  synthesis  of  hormones.  There  are  at  least 
twenty  sex-active  substances  which  have  been  synthe¬ 
sized  and  several  have  been  shown  to  be  identical  with 
those  found  in  the  body.  Among  these  are  three  male 
sex  hormones  and  the  female  sex  hormones.  It  is  curi¬ 
ous  that  an  investigator,  e.  g.  Robertson,  who  denies  the 
effectiveness  of  ligation  or  of  transplantation,  neverthe¬ 
less  proceeds  on  his  own  to  report  experiments  with  hor¬ 
mones  which  are  claimed  to  prolong  life.  A  pituitary 
extract,  tethelin,  greatly  accelerates  the  division-rate  of 
infusoria.  In  rats  it  accelerates  cancer  growth.  Ordinary 
growth  is  slowed  down  followed  by  an  acceleration 
which  never  quite  catches  up.  The  remarkable  result 
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reported  was  a  greater  duration  of  life  of  tethelin  fed 
animals.  [T.  B.  Robertson  and  L.  A.  Ray,  Journal  of 
Biological  Chemistry,  37,  427  (1919)].  Male  rats  lived 
ninety  days  longer,  females  eighty-one  days.  It  was  esti¬ 
mated  that  the  chance  was  one  in  eleven  thousand  that 
the  result  was  due  to  selection.  Robertson  attributes  this 
prolongation  of  life  to  a  lack  of  tissue  production  or 
multiplication  of  highly  differentiated  cell  types  in  late 
life.  He  does  not  see  that  his  results  are  of  the  same 
theoretical  background  as  of  the  people  he  criticizes. 
They  are  all  making  efforts  to  study  the  effects  of  hor¬ 
mone  action  on  the  prolongation  of  life.  Very  recent 
studies,  too,  are  turning  to  the  age  factors  in  responsive¬ 
ness  to  various  hormones  and  the  ^^gonadotropic’’  hor¬ 
mone,  the  latter  being  the  stimulant  for  the  former.  It 
originates  elsewhere,  e.  g.  from  the  pituitary.  Age  fac¬ 
tors  are  undoubtedly  present. 

Hormone  research  is  probably  the  greatest  hope  for 
life  prolongation  research.  Educated  people  will  soon 
have  to  know  as  a  matter  of  culture,  that  the  male  sex 
hormones  carry  the  names  of  androsterone,  testosterone 
and  epi-allopregnanolone,  that  an  important  female  hor¬ 
mone  is  progesterone,  that  they  are  all  intimately  related 
to  one  another  and  the  common  cholesterol,  and  in  some 
cases  are  mutually  convertible.  Of  cholesterol  we  have 
already  spoken.  It  is  a  master  substance  for  several  hor¬ 
mones  and  vitamins.  Several  substances  in  the  adrenal 
cortex  are  of  the  same  chemical  nature.  One  is  ^Cor¬ 
ticosterone,”  C21H30O4,  a  close  relative  of  progesterone 
and  the  others.  It  is  absolutely  necessary  for  life. 

Tampering  with  aging  is  possible  through  the  agency 
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of  an  active  substance  from  the  thymus  gland.  Rowntree 
produces  ^^precocity”  in  rats  by  injecting  thymus  ex¬ 
tracts.  He  carried  the  work  on  through  fifteen  genera¬ 
tions  of  rats,  involving  more  than  10,000  of  them,  to 
discover  a  continuously  increasing  effect.  It  may  be  the 
opposite  of  the  effect  sought  by  those  who  wish  to  delay 
maturity.  There  is  some  hope  in  that  because  it  shows 
at  least  some  freedom  of  action. 

Heart  hormones  are  now  made  from  cold-blooded 
animal  hearts  as  well  as  from  the  warm-blooded.  They 
are  more  effective,  since  reptilian  hearts  can  keep  beating 
in  isolation  very  long  after  ^Heath.”  The  heart  of  a  turtle 
can  be  taken  from  the  body  and  frozen,  and  when  thawed 
out  some  days  later  it  can  renew  its  automatic  activity. 
The  most  recent  heart  hormones  are  “lipoids”  of  the 
character  discussed  above  (e.  g.  cardiolypin  A).  The  hor¬ 
mone  can  turn  to  another  substance  of  no  value  and  pos¬ 
sibly  lead  to  fatty  degeneration  of  the  heart. 

There  is  a  constant  flow  of  results  of  potentially  great 
interest.  One  of  the  male  sex  hormones  restores  enlarged 
prostate  glands  (in  male  mice)  to  normal  proportions  j 
cortin,  originating  from  the  adrenals,  prevents  fatigue; 
and  the  like. 

The  use  of  the  hormones  is  such  now  that  they  may  be 
classified  as  drugs.  There  is  no  theoretical  reason  of  any 
weight  why  it  should  not  be  possible  to  make  hormone¬ 
like  substances  of  greater  potency  even  than  the  native 
hormones  of  the  body.  In  the  field  of  sex-active  sub¬ 
stances  such  a  situation  seems  to  be  indicated.  The  much 
admired  wisdom  of  the  body  does  break  down  quite 
badly  at  times.  We  can  remedy  the  situation  by  taking 
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thought.  If  a  body  has  to  go  through  extreme  heat  we 
supply  it  with  an  asbestos  suit.  Nature  would  have  to 
take  millenia  to  produce  anything  like  it.  The  wisdom  of 
our  bodies,  lies  in  the  fact  that  they  can  take  thought.  In 
such  a  manner  man  has  developed  for  himself  anes¬ 
thetics  and  drugs  of  all  kinds  which  succeed  where  the 
body  left  to  itself  must  succumb.  In  such  cases  we  do 
better  than  mere  nature,  although  our  performances  are 
still  crude  and  full  of  boomerang  surprises. 

A  recent  illustration  of  this  sort,  chargeable  both  to 
our  superiority  and  naivete,  was  the  use  of  dinitrophenol 
to  imitate  the  action  of  thyroid  extract  on  the  rate  of 
metabolism.  Those  who  used  it  for  reducing  were  con¬ 
fronted  by  the  occasional  development  of  cataract  of  the 
eye.  We  must  not  triumph  too  easily  over  nature. 


g.  The  Temptations  of  Cholesterol 

We  ourselves  have  done  a  great  deal  of  work  recently 
in  the  direction  of  attempting  to  counteract  some  of  the 
symptoms  connected  with  aging  by  physical  and  chem¬ 
ical  means  of  the  simpler  sort,  that  is  by  relatively  simple 
drugs  which  may  nevertheless  affect  the  complex  sub¬ 
stances  in  our  body  very  profoundly. 

Here  is  the  story.  In  youth  our  tissues,  blood  vessels 
and  muscles  are  elastic,  resilient,  clear.  In  old  age  they 
are  inelastic,  clogged,  mottled.  E.  Moisseieff,  one  of  a 
group  of  brilliant  Russian  investigators  now  briskly  at 
work  in  the  Soviet  Union,  has  shown  recently  that  in 
the  disease  of  the  arteries,  known  as  atherosclerosis,  a 
sort  of  first  cousin  of  the  well-known  arteriosclerosis,  the 
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extensibility  of  the  main  artery,  the  aorta,  is  much  de¬ 
creased.  The  youthful  snap  is  taken  out  of  it  by  the 
formation  of  fibrous  material  in  the  inner  wall  of  the 
artery.  Perform  an  experiment  and  convince  yourself 
that  elasticity  changes  with  age: — grasp  the  skin  of  the 
back  of  your  left  hand  with  the  fingers  of  your  right  as  if 
to  pinch,  pull  it  up  as  far  as  it  will  go  and  then  let  it 
snap  back.  Maybe  it  will  and  maybe  it  won’t.  If  you  are 
a  schoolboy,  it  will  flash  right  backj  if  you  are  an  old 
man,  it  will  return  rather  reluctantly.  If  your  case  is  a 
bad  one,  it  will  even  seem  to  stay  up  for  a  while  and  re¬ 
fuse  to  settle  quite  true,  like  a  poor  grade  of  parchment. 

In  medicine  especially  there  is  great  confusion  be¬ 
tween  cause  and  effect.  Is  the  loss  of  elasticity  the  cause 
of  old  age?  Lots  of  dignified  authorities  have  answered 
this  question  with  an  unhesitating  ^^yes,”  or  covered  it 
up  with  a  technical  description.  If  you  come  across  one 
who  has  said  that  in  atherosclerosis  there  is  a  primary 
^‘^angiomalacia,”  all  he  has  really  meant  was  that  the 
elasticity  disappeared  first.  Moisseieff  and  the  Russian 
group  say  ^^no”  to  this.  Before  the  elasticity  is  lost,  other 
things  happen.  There  is  some  injury  to  the  walls  of  the 
artery,  followed  by  the  deposition  of  the  fatty  sub¬ 
stances,  we  have  called  lipoids.  This  deposition  has  better 
title  to  be  called  “the  cause.”  The  loss  of  elasticity  is  an 
effect.  It  is  by  such  retreats  that  scientists  advance. 

A  leader  of  the  Russian  group,  Anitschkov,  chief 
pathologist  of  Leningrad,  absolute  boss  of  some  15,000 
cadavers  per  year,  is  the  original  discoverer  of  the  par¬ 
ticular  fatty  substance,  or  lipoid,  responsible  for  the 
deposition,  which  can  roughly  be  described  as  a  kind  of 
“hardening  of  the  arteries.”  He  did  his  work  on  rab- 
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bits.  Some  of  his  predecessors  thought  it  would  be  a 
clever  trick  to  turn  on  a  rabbit,  who  is  a  vegetarian,  to 
make  him  eat  a  diet  of  protein,  such  as  meat,  eggs  and 
liver.  The  rabbit  so  treated  would  inevitably  develop 
atherosclerosis.  Interesting,  but  of  what  concern  to  us?  It 
was  of  very  great  concern  to  us.  Most  people  over  fifty 
have  almost  precisely  the  same  kind  of  deposits,  or 
^^atheromata,”  that  the  rabbit  shows  under  such  feeding. 
In  bad  cases  one  can  expect  strokes  of  all  sorts,  as  ^Toro- 
nary  thrombosis,”  which  take  many  lives  both  promptly 
and  slowly.  Take  your  choice. 

Anitschkov  showed  it  was  not  protein  that  caused  the 
deposits.  It  was  that  special  constituent  of  the  fat,  we 
have  mentioned  several  times  before,  ^Tholesterol.”  He 
proved  it  by  feeding  pure  cholesterol.  Cholesterol  feed¬ 
ing  causes  atherosclerosis.  In  rabbits.  Some  still  think,  in 
rabbits  only. 

We  decided  to  carry  on  the  Russian  tradition.  An 
American  investigation  offered  clear  evidence  that  the 
amount  of  cholesterol  depositing  in  the  aorta  goes  up 
in  a  straight  line  with  age.  This  is  an  unusually  clear-cut 
correlation.  Although  one  cannot  say  that  the  presence 
of  cholesterol  is  the  ^^primary”  cause  of  old  age,  it  must 
keep  in  step  with  it  very  well  to  follow  the  age  so  faith¬ 
fully.  A  Japanese  investigation  found  that  thyroid  helps 
prevent  the  deposition  of  cholesterol.  But  who  wants  to 
shrivel  up  with  too  much  thyroid?  At  any  rate  taking 
out  the  thyroids  has  the  opposite  effect  and  brings  on  a 
very  rapid  atherosclerosis,  resulting  in  a  great  gain  in 
time  in  performing  the  experiments.  In  one  month  the 
poor  rabbits  are  in  pretty  bad  shape.  What  can  save 
them?  Several  investigators,  amongst  them  Dr.  H.  Un- 
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gar  of  the  University  of  Jerusalem,  have  shown  that 
iodides  are  quite  a  help. 

We  have  experimented  with  two  series  of  rabbits 
which  have  had  their  thyroids  removed  and  were  fed 
heavily  with  cholesterol.  Relying  on  a  theoretical  princi¬ 
ple  and  experiments  with  colloids,  we  administered  to 
some  of  the  rabbits  simultaneously  graduated  doses  of 
thiocyanates,  which  are  very  powerful  dispersion  agents. 
It  was  extremely  gratifying  to  note  that  the  control 
animals  developed  lesions  of  the  aorta  accompanied  by 
cholesterol  deposits  such  as  occur .  in  aging  bodies, 
whereas  the  protected  animals  to  the  extent  of  the  pro¬ 
tection  given  them  did  not  develop  these  symptoms.  In 
some  cases  the  blood  of  the  rabbits  contained  up  to  2% 
cholesterol  (their  normal  content  is  0.07%)  and  still 
no  cholesterol  deposited  beyond  the  normal. 

We  feel  that  a  relief  of  so  important  a  symptom  of 
aging,  must  have  a  deeper  significance.  It  will  take  many 
years  to  develop  the  entire  picture.  Too  much  specula¬ 
tion  at  this  stage  would  hurt  the  cause.  Only  a  suggestion 
or  two  may  be  made.  We  have  caused  a  physico-chemical 
dispersion  of  the  cholesterol.  A  deeper  problem  would 
be  to  get  rid  of  it,  burn  it  up,  oxidize  it.  The  aging  body 
becomes  less  and  less  efficient  in  this  process  of  oxida¬ 
tion.  We  have  searched  for  an  oxidation  promoter  of 
cholesterol  and  we  even  think  we  have  found  one,  but 
we  know  that  to  translate  the  results  into  clear  cut  ap¬ 
plication  to  the  human,  not  rabbit,  body,  and  in  the 
body  and  not  in  outside  simplified  symtoms  on  which 
we  are  working,  is  a  long  time  project  full  of  pitfalls, 
and  heartaches. 


VII 

ABUSES 


All  observations  on  the  increase  of  the  life-span,  like  all 
beneficial  findings  in  medicine,  are  subject  to  abuse  and 
distortion.  Throughout  the  world  there  are  hordes  of 
quacks  and  charlatans  who  prey  on  the  hopes  of  the  ill 
and  the  scary.  For  each  advance  there  is  an  exploitation. 
The  exploitation  may  even  be  rather  beneficial  and  have 
a  legitimate  status.  The  improved  statistics  concerning 
life  expectancy  are  exploited  for  the  purpose  of  increas¬ 
ing  the  number  of  life  insurance  policy  holders  who  have 
an  eye  to  saving  with  the  company,  as  well  as  to  gaining 
protection  for  their  relatives.  Metchnikoff’s  discussions 
sold  a  great  deal  of  fermented  milk  for  some  people 
whose  claims  would  have  shocked  Metchnikoff  by  their 
positiveness  and  exaggeration.  Similarly,  Sherman’s  data 
can  be  exaggerated  beyond  reason.  Ignorant  use  may  be 
made  of  any  research  by  the  best  intentioned  practitioner. 
The  quack,  however,  thrives  particularly  well  when  the 
research  gives  some  credit  to  an  extract,  a  hormone,  a 
drug.  “Glantex  never  fails,”  “Stamana  (vigaris),”  ^^New 
Life  Gland  Capsules,”  “Kori,”  ^^Nervo,”  are  some  of 
the  notorious  nostrums  debarred  from  the  mails.  At  most 

they  deal  invariably  with  rejuvenation. 
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^^Lukutate’’  arrived  to  us  from  the  Orient,  via  Ger¬ 
many.  The  word,  we  are  told,  is  derived  from  the 
Hindustani,  meaning  “come  back’’  or  “come  again.”  The 
advertising  said:  “All  previous  experiments  in  the  di¬ 
rection  of  rejuvenation  have  been  eclipsed  by  the  great 
discovery  of  a  preparation  called  Lukutate,  containing 
fruits  coming  from  India.  Encouraged  by  the  amazing 
rejuvenating  effects  witnessed  in  animals,  the  logical 
act  was  to  try  the  effect  of  these  Indian  fruits  contained 
in  Lukutate  on  human  beings.”  From  the  chemist’s  re¬ 
port  it  appeared  that  Lukutate  Tincture  consisted  of  a 
laxative  in  forty-nine  per  cent  alcohol  solution. 

Another  good  case.  The  Beck  nostrum  comprised  four 
preparations: — “Rejuvenator  Tablets,”  “Exhilarator 
Tablets,”  “Auxilarator  Tablets,”  and  “Regulator  Tea.” 
These  four  products  constituted  a  “treatment”  and  sold 
for  nine  dollars  and  there  were  twelve  coupons  given 
away  with  each  nine  dollar’s  worth.  When  one  had 
accumulated  twenty-four  coupons  he  was  entitled  to  a 
free  gift  to  a  Potentor,  the  regular  retail  price  of  which 
was  ten  dollars. 

Occasionally  religion  is  mixed  in.  The  title  of  one 
such  was  “Preaches  Fundamentalism — Practices  Goat- 
Gland  Science,”  with  the  subtitle:  “How  a  Famous  Sur¬ 
geon  Combines  Old-Time  Religion  and  New-Fangled 
Operations  on  a  Strange  Medico-Gospel  Farm.”  “Now 
this  operation,  which  I  call  ^Compound  Operation,’  con¬ 
sists  of  adding  a  new  artery  and  nerve  to  the  patient’s 
own  sex  glands — gonads,  ovaries  and  testicles,  if  you 
please.  This  artery  and  nerve  give  added  nerve  and 
blood  supply.  In  addition  to  this,  I  add  some  pure,  fresh, 
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healthy  animal  gland  tissues  which  act  as  a  ^charger’ 
(battery  charger  or  ^fertilizer’)  to  your  glands.  This  ani¬ 
mal  gland  tissue  gives  a  ^kick’  and  with  the  nerve  and 
artery  added  the  ^compound’  combination  causes  your 
own  glands  to  begin  again.  Regardless  of  how  old  you 
may  be  there  is  good  for  you  in  this  combination.” 

Still  another  species  are  people  who  are  self-deluded 
and  offer  in  good  faith  a  “perfected  cell  food”  or  advice 
on  some  regimen  “without  charge.” 

We  live  in  constant  dread  that  someone  might  pack¬ 
age  thiocyanates  in  a  mixture  with  alcohol  and  laxatives 
and  peddle  it  as  a  rejuvenator,  attempting  to  use  our 
good  name  in  vain. 

Dr.  Carrel,  after  his  speculative  talk  on  the  possibili¬ 
ties  of  the  suspension  of  life  and  hibernating  for  long 
periods  in  an  ice-box,  had  better  be  on  guard  against  the 
refrigeration  inventors.  They  will  quote  him  and  prob¬ 
ably  Child,  who  showed  that  regeneration  was  very  ex¬ 
tensive  after  hibernation.  They  will  also  honor  Loeb  and 
Northrop  for  their  findings  that  fruit  flies  live  about  two 
times  as  long  at  20  degrees  C.  as  at  30  degrees  C.  and 
eight  times  as  long  at  lO  degrees  C.  as  at  30  degrees  C. 
Iceboxes  for  longevity! 


VIII 
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The  most  optimistic  will  say  that  the  marked  prolonga¬ 
tion  of  the  life  span  and  rejuvenation  may  be  very  far 
away.  There  is  a  tendency  on  the  part  of  everyone  as  a 
consequence  to  inquire  what  may  be  done  to  make  the 
suspense  more  bearable.  Hopefully  people  turn  to  the 
prospect  of  repairing  the  mental  breakdowns  more  read¬ 
ily  than  the  physical.  Hopefully,  but  forgetfully,  since 
the  mental  is  so  intimately  connected  with  the  physical. 
The  hope  persists  because  it  is  felt  that  somehow  we  are 
the  captains  of  our  souls,  notwithstanding  the  chains  of 
the  body.  Besides,  many  ills  of  the  body  are  attributed  to 
a  psychological  factor  in  the  incidence  of  disease.  The 
thought  runs:  since  the  psyche  may  cause  illness  and 
aging,  may  it  not  in  turn  produce  health  and  rejuve¬ 
nescence  ? 

The  difficulty  of  proving  that,  what  is  called  the 
“psyche”  and  is  conceived  as  somehow  immaterial,  is  an 
effective  agent  on  the  body,  is  slurred  rather  wishfully. 
On  the  other  hand,  if  something  is  meant  by  “psyche” 
which  is  physiological  to  begin  with,  the  difficulty  looms 
great  as  to  our  being  masters  of  it.  How  much  can  we  do 
in  that  case  by  mere  wishing?  Or  praying? 

A  psycho-biological  concept,  such  as  proposed  by  Car- 
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rel,  that  “rejuvenation  can  be  conceived  as  a  complete 
reversal  of  inward  time”  (our  italics)  calls  practically 
for  miraculous  powers  of  will.  To  do  that  “one  would 
amputate  a  part  of  his  fourth  dimension.”  Such  an  in¬ 
wardness  as  this  could  be  handled  only  by  a  spontane¬ 
ous,  independent  “mind,”  which  is  notoriously  elusive. 

Most  of  the  hopes  on  this  subject  are  quite  modest. 
They  rest  on  a  desire  to  maintain  for  the  sake  of  an 
aging  individual  and  his  fellows  a  brain  relatively  free 
from  disease  and  useful  to  the  end.  The  hope  is  lighted 
by  the  fact  that  so  many  old  men  have  done  great  as 
well  as  useful  intellectual  work  in  the  midst  of  the 
breakup  of  their  bodies.  It  is  also  felt  that  the  mental 
life  could  be  so  ordered  as  to  make  the  exit  more  like 
a  symphonic  sunset. 

This  is  far  nobler  than  the  blatant  calls  that  life  be¬ 
gins  at  forty  or  similar  attempts  to  shout  the  nasty  dis¬ 
comfort  down.  Enterprise  of  this  sort  has  organized  an 
“eternity  club”  to  discover  the  “fairylands”  of  the  aged. 
The  discoveries  are  not  at  all  startling.  They  seem  to  be 
the  utterances  of  opiated  people.  “Live  and  be  young,” 
says  a  noted  author,  “the  child  is  a  digestive  tube,  the 
adolescent  is  a  lung.  No  one  finds  happiness  by  climb¬ 
ing  down.”  There  is  surprisingly  little  in  his  discussion 
about  how  one  can  keep  climbing  up.  It  amounts  to  no 
more  than  the  customxary  advice  to  keep  on  with  your 
work. 

Outstanding  in  their  honesty  of  the  discussion  of  their 
orientation  to  a  graceful  death  among  modern  writers  are 
William  Dean  Howells,  Renouvier,  William  Osier,  and 
G.  Stanley  Hall.  At  eighty-two  Howells  wrote,  “All  my 
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life  I  have  been  afraid  of  death.”  He  recorded  his  shock 
at  the  loss  of  memory  of  a  word  and  at  more  serious  fail¬ 
ings  in  the  old,  which  he  claimed  he  had  a  hard  time 
avoiding.  The  extraordinary  man  felt  the  growing  ego¬ 
tisms  and  other  mental  defects,  and  fought  them  nobly. 
In  a  similar  courageous  vein  Chauncey  Depew  would 
remark  at  the  end  of  a  twenty-page  letter,  ^^Please  ex¬ 
cuse  my  longevity.”  These  men  were  not  seeking  mere 
opiates  or  forgetfulness. 

When  Charles  Renouvier,  the  French  philosopher, 
was  eighty-eight  years  old  and  knew  .that  he  was  dying, 
he  recorded  his  impressions  in  his  last  days.  have  no 
illusions  about  my  condition  j  I  know  quite  well  that  I 
am  going  to  die,  perhaps  in  a  week,  perhaps  in  a  fort¬ 
night.  And  I  still  have  so  much  to  say  on  my  subject. 
.  .  .  At  my  age  I  have  no  longer  the  right  to  hope:  my 
days  are  numbered,  and  perhaps  my  hours.  I  must  re¬ 
sign  myself.  ...  I  do  not  die  without  regrets.  I  regret 
that  I  cannot  foresee  in  any  way  the  fate  of  my  views. 
.  .  .  And  I  am  leaving  the  world  before  I  have  said  my 
last  word.  A  man  always  dies  before  he  has  finished  his 
work  and  that  is  the  saddest  of  the  sorrows  of  life.  But 
that  is  not  the  whole  trouble,  when  a  man  is  old,  very 
old,  and  accustomed  to  life,  it  is  very  difficult  to  die.  I 
think  that  young  men  accept  the  idea  of  dying  more 
easily,  perhaps  more  willingly  than  old  men.  When  one 
is  more  than  eighty  years  old,  one  is  cowardly  and 
shrinks  from  death.  And  when  one  knows  and  can  no 
longer  doubt  that  death  is  coming  near,  deep  bitterness 
falls  on  the  soul.  ...  I  have  faced  the  question  from 
all  sides  in  the  last  few  days,  I  turn  the  one  idea  over  in 
my  mind  5  I  know  that  I  am  going  to  die,  but  I  cannot 
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persuade  myself  that  I  am  going  to  die.  It  is  not  the 
philosopher  in  me  that  protests.  The  philosopher  does 
not  fear  death  j  it  is  the  old  man.  The  old  man  has  not 
the  courage  to  submit,  and  yet  I  have  to  submit  to  the 
inevitable.’^ 

Dr.  William  Osier  must  be  quoted  in  toto  for  a  com¬ 
plete  appreciation. 

have  two  fixed  ideas  well  known  to  my  friends, 
harmless  obsessions  with  which  I  sometimes  bore  them, 
but  which  have  a  direct  bearing  on  this  important  prob¬ 
lem.  The  first  is  the  comparative  uselessness,  of  men 
above  forty  years  of  age.  This  may  seem  shocking,  and 
yet,  read  aright,  the  world’s  history  bears  out  the  state¬ 
ment.  Take  the  sum  of  human  achievement  in  action, 
in  science,  in  art,  in  literature — subtract  the  work  of  the 
men  above  forty,  and,  while  we  should  miss  great  treas¬ 
ures,  even  priceless  treasures,  we  should  practically  be 
where  we  are  today.  It  is  difficult  to  name  a  far-reaching 
conquest  of  the  mind  which  has  not  been  given  to  the 
world  by  a  man  on  whose  back  the  sun  was  still  shining. 

^^The  effective,  mioving,  vitalizing  work  of  the  world 
is  done  between  the  ages  of  twenty-five  and  forty  years, 
— these  fifteen  golden  years  of  plenty,  the  anabolic  or 
constructive  period,  in  which  there  is  always  a  balance 
in  the  mental  bank  and  the  credit  is  still  good. 

^Tn  the  science  and  art  of  medicine  there  has  not  been 
an  advance  of  the  first  rank  which  has  not  been  initiated 
by  young  or  comparatively  young  men.  Virchow,  Lister, 
Koch — the  green  years  were  yet  on  their  heads  when 
their  epoch-making  studies  were  made.  To  modify  an  old 
saying,  a  man  is  sane  normally  at  thirty,  rich  mentally 
at  forty,  wise  spiritually  at  fifty — or  never.  The  young 
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men  should  be  encouraged  and  afforded  every  possible 
chance  to  show  what  is  in  them.  If  there  is  one  thing 
more  than  another  upon  which  the  professors  of  the 
university  are  to  be  congratulated,  it  is  this  very  sym¬ 
pathy  and  fellowship  with  their  junior  associates,  upon 
whom  really  in  many  departments,  in  mine  certainly,  has 
fallen  the  brunt  of  the  work.  And  herein  lies  the  chief 
value  of  the  teacher  who  has  passed  his  climacteric  and 
is  no  longer  a  productive  factory  he  can  play  the  man 
midwife,  as  Socrates  did  to  Theoetetus,  and  determine 
whether  the  thoughts  which  the  young  men  are  bringing 
to  the  light  are  false  idols  or  true  and  noble  births. 

^^My  second  fixed  idea  is  the  uselessness  of  men  above 
sixty  years  of  age  5  and  the  incalculable  benefit  it  would 
be  in  commercial,  political,  and  professional  life  if,  as  a 
matter  of  course,  men  stopped  work  at  this  age.  Donne 
tells  us  in  his  ^^Biathanatos’’  that  by  the  laws  of  certain 
wise  states  sexagenarii  were  precipitated  from  a  bridge, 
and  in  Rome  men  of  that  age  were  not  admitted  to  the 
suffrage  and  were  called  deportanni  because  the  way  to 
the  senate  was  per  portem  and  they  from  age  were  not 
permitted  to  come  hither.  In  that  charming  novel  the 
^^Fixed  Period”  Anthony  Trollope  discusses  the  prac¬ 
tical  advantages  in  modern  life  of  a  return  to  this 
ancient  usage,  and  the  plot  hinges  on  the  admirable 
scheme  of  a  college  into  which  at  sixty  men  retired  for 
a  year  of  contemplation  before  a  peaceful  departure 
by  chloroform.  That  incalculable  benefits  might  follow 
from  such  a  scheme  is  apparent  to  anyone  who,  like 
myself,  is  nearing  the  limits,  and  who  has  made  a  care¬ 
ful  study  of  the  calamities  which  may  befall  men  during 
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the  seventh  and  eighth  decades! 

^^Still  more  when  he  contemplates  the  many  evils 
which  they  perpetuate  unconsciously  and  with  impunity! 
As  it  can  be  maintained  that  all  the  great  advances  have 
come  from  men  under  forty,  so  the  history  of  the  world 
shows  that  a  very  large  proportion  of  the  evils  may  be 
traced  to  sexagenarians — nearly  all  the  great  mistakes 
socially  and  politically,  all  of  the  worst  poems,  most  of 
the  bad  pictures,  a  majority  of  the  bad  novels,  and  not  a 
few  of  the  bad  sermons  and  speeches.  It  is  not  to  be 
denied  that  occasionally  there  is  a  sexagenarian  whose 
mind,  as  Cicero  remarks,  stands  out  of  reach  of  the 
body’s  decay.  Such  a  one  has  learned  the  secret  of 
Hermippus,  that  ancient  Roman  who,  feeling  that  the 
silver  cord  was  loosening,  cut  himself  clear  from  all 
companions  of  his  own  age,  and  betook  himself  to  the 
company  of  young  men,  mingling  with  their  games  and 
studies,  and  so  lived  to  the  age  of  one  hundred  and 
fifty-three,  puerorum  halitu  refocillatus  et  educatus. 
And  there  is  truth  in  the  story,  since  it  is  only  those  who 
live  with  the  young  who  maintain  a  fresh  outlook  on 
the  new  problems  of  the  world. 

^^The  teacher’s  life  should  have  three  periods — study 
until  twenty-five,  investigation  until  forty,  professional 
until  sixty,  at  which  age  I  would  have  him  retire  on  a 
double  allowance.  Whether  Anthony  Trollope’s  sug¬ 
gestion  of  a  college  and  chloroform  should  be  carried 
out  or  not,  I  have  become  a  little  dubious,  as  my  own 
time  is  getting  so  short.” 

G.  Stanley  Hall  has  made  an  important  contribution 
by  his  questionnaire,  which  we  have  discussed  elsewhere. 
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We  must  add  his  analysis  of  the  palliatives  or  substitutes 
that  people  have  discovered  for  the  impossible  goal  of 
immortality.  It  is  scientific: — 

^^First  is  the  desire  to  be  remembered  and  esteemed 
by  survivors.  .  .  .  The  second  mundane  surrogate  for 
transcendental  immortality  is  doing  things  that  will  af¬ 
fect  those  who  survive  or  will  perpetuate  our  will  and 
works  to  those  who  know  little  or  nothing  of  us  or  of  our 
name.  .  .  .  The  third  killer  of  the  death-fear  is  chil¬ 
dren  and  posterity.  ...  As  for  the  good  old  doctrine 
of  personal  immortality,  we  cannot  yet  escape  the  great 
law  that  the  next  life  is  compensatory.  .  .  .  Next  come 
the  noetic  theories  of  immortality.  Gnostics,  illuminati, 
mystics,  logicians  of  the  categories,  and  all  who  seek  sal¬ 
vation  and  perdurability  by  the  noetic  way  assume  that 
as  the  soul  leaves  individual  things  and  persons  and 
passes  to  species,  to  genera,  and  on  to  the  abstract  and 
unconditioned,  certainty  increases  until  it  tends  to  be¬ 
come  cataleptic  in  the  Stoic  sense.  The  ultimate  goal  is 
pure  absolute  being,  knowledge  of  which  brings  ecstasy, 
love  of,  and  identification  with  it.  Self  is  merged  and 
lost  in  the  infinite.  ...  As  to  the  philosophic  attempts 
to  prove  the  doctrine  of  personal  immortality,  no  genetic 
psychologist  can  today  despise  even  the  most  proletarian 
form  of  belief  in  a  principle  that  survives  death.’’ 

What  remains  to  be  said  about  all  these  multifarious 
efforts  and  yearnings  of  man  to  prolong  his  life  in  one 
sense  or  another?  Nothing  else  than  a  word  of  en¬ 
couragement.  Can  physics  and  chemistry  do  it?  Medi¬ 
cine?  Psychology?  No  one  knows.  And  no  one  will 
know,  till  all  are  tried,  and  tried  over  and  over. 


VII 

projects  in  ©ptimism 


“The  Good  is  like  a  serious  man,  the  capable  organizer  of  his  whole 
domestic  life,  sagaciously  weighing  the  present  and  the  future,  setting 
himself  to  extract  the  greatest  benefit  from  both.  Beauty  is  his  florid 
spouse,  careful  of  the  present  and  mindful  of  her  husband’s  wishes. 
The  Pleasing  is  the  baby,  all  senses  and  play:  the  Useful  is  the  servant 
who  puts  his  hands  at  his  master’s  disposal  and  is  given  bread  solely 
in  accordance  with  his  deserts.  Truth,  lastly,  is  the  preacher  and 
teacher  to  the  household;  preacher  in  matters  of  faith,  teacher  in 
those  of  learning:  he  gives  an  eye  to  the  Good  and  a  helping  hand  to 
the  Useful,  and  holds  up  a  looking  glass  to  Beauty.” 

Fechner,  Vorschule  der  Aesthetik 

Natur  ist  weder  Kern  noch  Schale 
Alles  ist  sie  mit  Einemmale: 

Goethe 


I 

TIME  AND  TIDE  WILL  WAIT 


The  time  has  come  to  examine  our  own  discussion  for  a 
tentative  synthesis.  We  wish  to  clear  the  situation  as 
much  as  possible  and  to  make  at  least  one  reasonable  pro¬ 
posal  for  belief  and  action.  The  proposal  we  will  urge 
can  be  put  in  the  form  of  a  thesis. 

Thesis:  The  hope  of  prolonging  life  indefinitely  is  the 
proper  faith  for  science.  All  research  should  he  or¬ 
ganized  with  that  as  the  supreme  goal. 

It  can  also  be  put  in  the  form  of  a  slogan: 

Slogan:  Time  and  Tide  Will  Wait. 

Besides  possible  approval  based  on  understanding,  two 
disquieting  reactions  await  this  proposal.  One  is  indig¬ 
nant  opposition  on  account  of  its  boldness,  the  other  is 
a  too  fervent  approval  on  unwarranted  grounds.  Such 
responses  should  be  expected  because  science,  or  rather 
the  scientist,  is  not  impartial,  and  the  civilized  man’s 
attitude  to  the  question  of  death  is  quite  perverted. 

We  are  constantly  confronted  by  the  spectacle  of  all 
kinds  of  scientists,  ranging  from  physicists  and  mathe¬ 
maticians  to  anthropologists  and  psychologists,  who  are 
directly  in  the  employ  of  ‘^higher  interests”  who  wish 

them  to  prove  some  assumed  superiority  of  group  or 
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race  or  to  help  such  groups  or  pseudo-races  in  their 
predatory  undertakings.  Indirectly  many  more  of  these 
scientists  follow  some  wishful  thinking  without  being 
quite  aware  of  it.  It  is  even  doubtful  whether  anyone 
at  all  is  completely  free  of  such  influences.  We  can  at 
least  try  to  free  ourselves  of  such  influences  or  to  learn 
to  allow  for  them,  as  we  allow  a  correction  for  unavoid¬ 
able  parallax  in  astronomy  or  adjust  our  readings  by  the 
method  of  least  squares  in  general  procedures  of  meas¬ 
urement. 

The  civilized  man’s  attitude  to  death  is  exposed  by 
Freud  in  a  most  masterful  manner.  His  own  words  ex¬ 
press  the  bitterness  of  it  best:  * 

“I  refer  to  the  disturbances  in  our  former  attitude  toward 
death.  Our  attitude  had  not  been  a  sincere  one.  To  listen  to  us 
we  were,  of  course,  prepared  to  maintain  that  death  is  the  neces¬ 
sary  termination  of  life,  that  every  one  of  us  owes  nature  his  death 
and  must  be  prepared  to  pay  his  debt,  in  short  that  death  was 
natural,  undeniable,  and  inevitable.  In  practice  we  were  accus¬ 
tomed  to  act  as  if  matters  were  quite  different.  We  have  shown 
an  unmistakable  tendency  to  put  death  aside,  to  eliminate  it  from 
life.  We  attempted  to  hush  it  up,  in  fact,  we  have  the  proverb;  to 
think  of  something  as  of  death. 

“Of  course,  we  meant  our  own  death.  We  cannot,  indeed, 
imagine  our  own  death;  whenever  we  try  to  do  so  we  find  that 
we  survive  ourselves  as  spectators.  The  school  of  psychoanalysis 
could  thus  assert  that  at  bottom  no  one  believes  in  his  own  death, 
which  amounts  to  saying  that,  in  the  unconscious,  every  one  of  us 
is  convinced  of  his  immortality. 

“As  far  as  the  death  of  another  person  is  concerned,  every  man 
of  culture  will  studiously  avoid  mentioning  this  possibility  in  the 
presence  of  the  person  in  question.  Only  children  ignore  this 

*  S.  Freud,  Reflections.  Dodd,  Mead  &  Co. 
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restraint;  they  boldly  threaten  each  other  with  the  possibility  of 
death,  and  are  quite  capable  of  giving  expression  to  the  thought  of 
death  in  relation  to  the  persons  they  love,  as  for  instance;  ‘Dear 
Mama  when,  unfortunately,  you  are  dead,  I  shall  do  so  and  so.’ 
The  civilized  adult  also  likes  to  avoid  entertaining  the  thought  of 
another’s  death  lest  he  seem  harsh  or  unkind,  unless  his  profession 
as  a  physician  or  a  lawyer  brings  up  the  question.  Least  of  all 
would  he  permit  himself  to  think  of  somebody’s  death  if  this  event 
is  connected  with  a  gain  of  freedom,  wealth  or  position.  Death 
is,  of  course,  not  deferred  through  our  sensitiveness  on  the  subject 
and  when  it  occurs  we  are  always  deeply  affected,  as  if  our  ex¬ 
pectations  had  been  shattered.  We  regularly  later  lay  stress  upon 
the  unexpected  causes  of  death,  we  speak  of  the  accident,  the  in¬ 
fection,  or  advanced  age,  and  thus  betray  our  endeavor  to  debase 
death  from  a  necessity  to  an  accident.  A  large  number  of  deaths 
seems  unspeakably  dreadful  to  us.  We  assume  a  special  attitude 
towards  the  dead,  something  almost  like  admiration  for  one  who 
has  accomplished  a  very  difficult  feat.  We  suspend  criticism  of 
him,  overlooking  whatever  wrongs  he  may  have  done,  and  issue 
the  command,  de  mortuis  nil  nisi  bonum,  we  act  as  if  we  were 
justified  in  singing  his  praises  at  the  funeral  oration,  and  inscribe 
only  what  is  to  his  advantage  on  the  tombstone.” 

Freud  himself  averts  his  attention  from  the  battle  of 
the  conscious  self  for  life.  He  is  greatly  interested  in 
the  unconscious.  He  might  therefore  say  to  all  of  us, 
plague  on  all  your  houses!^’  The  dream  has  been  the 
source  of  revelation  to  him.  The  dream  and  shrewd 
wide-awake  awareness.  How  else  could  he  note  the  im¬ 
poverishment  of  and  loss  of  interest  in  life  resulting 
from  the  hypocritical  attitude  toward  death?  It  is  this 
impoverishment,  according  to  him,  which  drives  us  to 
seek  compensation  in  the  world  of  fiction,  in  literature. 
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and  in  the  theatre.  There  one  can  find  perfect  people 
who  know  how  to  die.  The  primitive  man  had  a  great 
advantage  in  his  ability  to  murder  blithely,  and  hence 
needed  no  theatre.  He  was  closer  to  the  human  uncon¬ 
scious  which  does  not  believe  in  its  own  death,  but  calmly 
accepts  the  death  of  others.  The  unconscious  acts  as 
though  it  were  immortal,  recognizes  no  negative  or  any 
form  of  denial  and  resolves  all  contradictions.  Accord¬ 
ing  to  Freud,  when  we  free  ourselves  of  the  hypocrisies 
of  civilization,  we  shall  find  that  the  idea  of  death  re¬ 
ceives  absolutely  no  acceptance  in  oun  impulses. 

Alas,  very  few  of  us  can  quite  avert  ourselves  from 
this  civilized  mess.  We  who  are  about  to  die,  oh,  so 
soon,  salute  the  prophets  of  longevity.  No  longer  do  we 
scorn  them,  for  what  can  we  gain  thereby?  We  let  them 
speak  in  strange  tongues,  we  gladden  their  hearts  by 
rounds  of  warm  applause,  and  ...  we  let  the  matter 
rest.  Some  of  us,  versed  in  the  ways  of  hope  long  de¬ 
ferred,  so  long  deferred  that  it  is  but  a  faint  glimmer  in 
a  sour  darkness,  are  furtively  cynical  and  shoot  sly  darts 
at  the  inspired  simpletons  who  hope  against  the  abyss, 
who  hope  to  prolong  life  little  by  little  indefinitely.  We 
are  responsible,  balanced,  rational, — they  are  senile, 
fear-driven,  irrational.  Now  and  then  another  sorcerer 
goes  mad  with  the  mystery,  that’s  all. 

But,  really,  is  it  as  simple  as  all  that? 

Reduced  to  practical  issues,  the  average  mortal,  ad¬ 
vised  to  begin  life  at  forty,  finds  this  peculiar  beginning 
harder  than  all  beginnings,  which  are  proverbially  diffi¬ 
cult.  His  disillusionments  in  life  have  been  going  on  for 
a  score  of  years.  As  a  rule  he  is  weary,  wicked,  relatively 
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ill.  He  wants  desperately  to  live.  Contrariwise,  some¬ 
thing  in  him  is  elaborately  preparing  for  death, — the 
^^descent  of  life.’’  He  has  nowhere  to  turn.  If  he  has 
not  given  up  all  hope  by  forty,  he  is  ready  to  rush  into 
the  arms  of  any  cult,  especially  if  it  promises  prompt 
and  rapid  relief.  He  listens  to  the  bids  of  mystic  the¬ 
osophy,  Christian  Science,  athletic  psychology  (the 
Psychology  Pep-Boys).  They  do  not  speak  of  hopes, 
they  speak  of  certainties.  For  such  is  the  only  idiom 
which  the  average  man  understands. 

Mark  you,  how  different  the  prophesying  scientist. 
His  argument  runs  somewhat  as  follows.  The  practical 
aim  of  science  is  the  control  of  nature  and  of  ourselves. 
We  set  up  our  goals  and  study  nature  for  the  means.  Of 
course,  we  wish  to  prolong  life  indefinitely.  We  look  for 
clues.  We  expect  repeated  failures,  and  keep  on  bravely. 
Occasionally  a  clue  turns  up.  We  dwell  on  its  possible 
consequences.  How  else  can  we  pick  our  way?  We  do 
not  know  wTether  we  are  right,  but  we  want  to  make 
every  effort  to  trace  the  secret.  Come,  help  us. 

It  is  strange  how  his  message  gets  distorted  in  spite 
of  all  care  he  may  take  in  speaking  of  his  hopes.  The 
^^smart”  audience  immediately  interprets  him  to  have 
said:  We  have  discovered  the  secret  of  youth.  Come  buy 
our  wares.  Oh,  yes,  we  need  a  few  finishing  touches  here 
and  there.  We’ll  have  it  all  solved  tomorrow.  Better 
make  it  a  hundred  years  from  now.  Two  hundred?  In 
the  meantime  please  die  gracefully. 

No  wonder  he  looks  quite  ludicrous  in  this  interpreta¬ 
tion.  What  has  really  happened  is  that  the  ^^smart” 
listener  is  all  too  eager  to  have  a  finality  handed  to  him. 
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If  injections  it  must  be,  he  is  ready  to  bare  his  arm.  It  is 
he  who  demands,  whether  it  be  of  church  or  of  science, 
the  struttings  of  authority  and  the  charlatanery  of  mira¬ 
cles. 

The  gray  little  men  of  science,  proud  of  their  techniques 
and  miniature  certainties,  react  bitterly  to  the  speculating 
scientist  on  still  other  grounds.  They  resent  his  breach  of 
faith  with  the  profession,  which  toward  the  layman  takes 
the  attitude  of  three  Oriental  monkeys:  Know  Nothing j 
Show  Nothing  j  Say  Nothing.  They  have  their  feet  “on 
the  ground’’  even  though  it  be  in  a  mud-puddle.  They 
are  content  to  see  bricks  lying  about  helter-skelter  and 
will  not  permit  them  to  be  used  in  speculative  construc¬ 
tion.  Somehow  they  expect  the  edifice  of  science  to  go 
up  without  architectural  plans.  Theirs  is  the  psychology 
of  comfort.  They  have  moved  into  a  cosy  apartment  of 
science  and  there  they  will  stay,  away  from  the  chaos  of 
the  pioneering  front.  One  can  make  a  living  very  well  on 
the  minor  enterprises  of  science,  the  daily  house-clean¬ 
ings,  the  monthly  receptions,  the  annual  fairs. 

Let  us  suppose,  however,  that  the  unfriendly  atmos¬ 
phere  could  be  dispelled,  and  a  really  sincere  discussion 
could  be  arranged.  The  hard-boiled  party  would  have 
claims  of  varying  vigor,  like  these:  The  span  of  life  is 
absolutely  fixed  j  the  span  is  obstinately  fixed  j  it  is  rather 
well  fixed  j  it  is  fretty  definitely  fixed.  The  language 
will  vary.  Some,  accustomed  to  slightly  less  sacred 
words,  would  say  “determined,”  “theoretically  calcu¬ 
lable,”  “irreversibly  determined,”  “insensitive  to  en¬ 
vironment,”  “necessary  for  the  meaning  of  life.”  The 
notions  about  the  meaning  of  “span”  would  run  from 
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conceptions  of  average  life  expectancy  to  some  sort  of 
an  ideal  number  of  years  only  approximately  approached 
in  real  life,  but  forming  a  real  upper  limit  j  perhaps  a 
whole  group  of  spans,  as  a  span  for  the  Jones  family  (a 
short-lived  one)  and  another  span  for  the  Smith  family 
(a  long-lived  one). 

The  fixing  and  the  determining  would  have  to  be 
referred  to  some  agency:  God,  Fate,  Nature,  funda¬ 
mental  harmony  of  the  universe  in  the  fashion  of  Leib¬ 
niz’s  pre-established  harmony,  or  something  of  the 
kind.  Since  science  demands  the  exact  character  of  these 
agencies  and  their  detailed  operation,  it  will  not  be  satis¬ 
fied  with  the  all-too-correct  statement  that  God’s  will 
explains  everything.  It  will  want  to  know  ^Tow,”  and 
will  thus  reopen  any  problem  so  easily  solved.  If  some¬ 
one  will  nominate  the  “genes,”  as  the  active  agent,  there 
will  be  very  many  gaps  in  any  effort  to  describe  the 
causal  chain  of  their  action,  and  their  own  stability  in 
turn.  It  is  likely  that  in  desperation  someone  will  say, 
“It  just  is  so,  and  hence  must  be  so,  by  the  same  kind  of 
necessity  that  makes  the  law  of  gravitation  what  it  is. 
The  Tact’  is  proven  by  myriads  of  cases  in  the  past.  It 
is  an  induction  as  firm,  or  almost  as  firm,  as  that  the  sun 
will  rise  in  the  morning.” 

Since  the  main  fact  is  “proven,”  that  is  the  span-so-to- 
speak  is  fixed-so-to-speak  the  debate  to  such  minds  is 
really  over,  and  it  remains  to  explain  the  obstinacy  and 
even  perversity  of  the  other  side.  The  obstinacy  is  trace¬ 
able  to  plain  “wishful  thinking,”  or  in  more  picturesque 
jargon,  “wish  fulfillment.”  The  most  direct  hit  is  to 
point  out  that  when  scientists  reach  the  age  of  65  or 
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more,  their  fear  of  death  gets  the  better  of  them,  the 
senile  processes  set  in  (second  childhood)  and  they 
abandon  all  caution,  become  complete  dupes  of  their 
own  desires  while  imagining  that  they  are  still  the  think¬ 
ers  they  used  to  be. 

And  now  to  explain  the  perversity  of  the  dreamers. 
Messrs.  Flippant  and  Schopenhauer,  Jr.  are  ready  to 
argue  against  prolongation  of  life  for  the  sheer  deviltry 
of  it.  Human  beings  are  evil.  It  is  an  evil  thing  to  save 
their  lives.  Nothing  but  masses  of  old  idiots  after  a 
while,  the  country  would  go  bankrupt  on  old  age  pen¬ 
sions,  how  will  you  do  this,  that  or  the  other  thing?  Will 
anyone  be  happier?  We  ought  to  take  death  nobly. 
Death,  properly  conceived,  is  but  part  of  Life.  One 
should  not  tamper  with  God’s  or  Nature’s  order. 

What  can  the  baffled  prophet  answer? 

He  might  first  protest  mildly  that  his  may  be  thought¬ 
ful  wishing  rather  than  wishful  thinking. 

He  will  then  turn  to  the  argument  from  “facts.”  He 
will  point  out  that  in  scientific  constructions  of  this  kind, 
one  fact  is  enough  to  knock  even  the  hoariest  induction 
into  a  cocked  hat.  All  swans  were  white,  millions  upon 
millions  of  them,  till  a  black  one  was  discovered  in  Aus¬ 
tralia.  The  “impossible”  (a  black  swan  on  the  evidence 
of  a  long  history  of  white  swans)  suddenly  becomes 
possible,  nay  actual!  The  hope  is  aroused  of  even  making 
black  swans  the  ruley  either  by  breeding  them  or  by  a 
more  ambitious  program  of  tampering  with  the  genes 
of  the  white  ones  to  turn  them  black.  Thus,  too,  it  is  ad¬ 
visable,  when  someone  in  a  frenzy  of  inductive  general¬ 
ization  states  that  women  cannot  be  great  poets,  to  men- 
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tion  quietly  Sappho.  It  is  about  time,  for  such  reasons, 
that  slanders  against  women  in  science  should  die  out 
after  the  appearance  of  Mmes.  Curie  and  Joliot^  against 
Jews  in  science,  after  Einstein. 

It  is  an  old  fallacy,  called  the  fallacy  of  enumeration. 
The  story  of  science  is  full  of  these  fallacies,  which  one 
wmuld  expect  only  among  the  superstitious  and  the 
bigoted.  It  is  pardonable  in  a  positive  form,  like  the 
generalization  about  swans.  In  the  negative  form,  how¬ 
ever,  it  is  particularly  vicious.  It  consists  of  enumerating 
case  upon  case  of  something  not  happening  and  conclud¬ 
ing  therefrom  that  it  will  never  happen.  A  Negro  will 
never  write  a  symphony  j  all  Africa,  the  South,  hasn’t 
produced  a  peep.  People  who  argue  that  way  cannot 
mean  it.  They  have  in  the  back  of  their  minds  a  theory 
of  the  inferiority  of  the  Negro  race.  Such  a  theory,  if  ex¬ 
amined  coldly,  will  in  turn  be  based  on  the  records  of 
the  Negroes’  non-ferformance  of  creative  acts.  From 
the  viewpoint  of  evidence  such  a  generalization  is  ex¬ 
tremely  weak,  since  it  can  be  removed  to  Limbo  by  the 
increasing  tide  of  Negro  talents,  as  opportunities  open 
up,  and  one  successful  symphony  by  one  of  them. 

A  sincere  scientist  is  always  looking  for  the  exceptions, 
and  for  extenuating  circumstances.  And  that  is  precisely 
what  we  have  to  do  with  the  problem  of  increasing  the 
life  span.  Facts  need  theories,  theories  need  facts.  It  is 
only  at  a  very  advanced  stage  of  a  theory  that  it  can  be 
arrogant  about  the  type  of  facts  it  will  admit.  The 
Eddingtonian  quip  about  a  fact  being  wrong  if  it  does 
not  fit  modern  theory  has  to  be  taken  as  mere  humor.  It 
does  not  even  hold  in  pure  mathematics.  The  context. 
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or  setting,  if  clear  will  make  some  things  impossible 
within  the  given  context.  One  can  show  that  it  is  im¬ 
possible  to  square  a  circle  within  the  context  of  plane 
Euclidean  geometry.  It  is  not  impossible  in  other  mathe¬ 
matical  contexts,  and  it  has  actually  been  done  with  a 
specially  invented  instrument.  Thus,  of  course,  some¬ 
thing  could  not  be  a  fact  in  the  context  of  Eddington’s 
theory,  but  it  could  be  a  fact  in  the  context  of  what  v/e 
would  be  compelled  to  call  a  better  theory,  if  it  turned 
out  to  be  a  fact  indeed  under  careful  observation.  Even 
scientists  of  no  mean  calibre  fail  to  realize  how  vague  the 
contexts  are  in  the  natural  sciences,  how  totally  lost  in  a 
haze  is  the  context  called  “Nature.”  The  possible,  the 
impossible  and  the  probable  have  meaning  only  with 
reference  to  some  clearly  defined  situation.  Even  Homer 
nods.  The  great  Newcomb  once  took  it  upon  himself  to 
prove  that  man  will  never  fly  on  the  confidence  he  had 
in  the  context  of  physics  as  he  knew  it.  It  is  pathetic  how 
little  he  understood  the  limitations  of  his  own  knowl¬ 
edge,  because  he  actually  thought  that  the  logic  of  the 
situation  demanded  that  if  flight  were  possible  all  of 
physics,  two  and  a  half  centuries  of  experimental  science 
from  Galileo  to  himself,  would  be  flatly  contradicted,  and 
that,  of  course,  seemed  to  him  impossible.  He  did  not 
know  the  limits  of  the  field  of  physics  or  the  vast  flex¬ 
ibility  of  thought  in  the  interpretation  of  nature.  And 
now,  too,  in  spite  of  the  “revolutions”  of  science,  the 
context  of  mathematics  (mind  you!)  is  less  clear  than 
ever,  of  physics  worse,  of  biology  colossally  vague,  of 
psychology  abysmally  blank,  and  if  the  total  of  these  be 
science  or  Nature,  how  dare  one  assert  impossibilities,  ex 
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cathedra,  and  expect  to  be  considered  rational? 

By  this  time  those  who  permit  themselves  to  speak  of 
impossibilities  will  change  the  meaning  of  impossible  to 
^^highly  improbable.”  It  is  highly  improbable  that  the 
span  of  life  will  be  prolonged.  It  is  highly  improbable 
that  man  will  ever  fly.  The  situation  is  hardly  better. 
The  change  in  language  is  insignificant  in  the  light  of 
what  has  been  said  about  the  context  of  Nature.  Because 
the  context  of  Nature  is  still  so  vague,  the  highly  im¬ 
probable  of  one  day  very  easily  becomes  the  certainty 
of  the  next  day.  The  fallacy  of  enumeration  is  still  com¬ 
mitted,  the  highly  improbable  black  swan  calmly  swims 
into  view.  We  are  prone  to  flatter  ourselves  greatly  in 
thinking  that  we  estimate  probabilities  objectively,  when 
we  know  so  little  of  the  objective.  The  real  objective 
value  of  our  ^Tighest  probability”  with  regard  to  a  com¬ 
plex  situation  involving  all  of  Nature  is  almost  nil. 

It  seems  that  in  the  face  of  all  that,  it  is  a  humorless 
folly  to  abandon  our  fondest  hopes,  because  someone 
has  called  them  impossible  or  highly  improbable.  Hopes 
of  the  kind  we  have  been  discussing  have  really  one  very 
serious  test  to  hurdle.  They  must  not  be  internally  con¬ 
tradictory.  They  must  not  cancel  themselves  out  as 
meaningless  nonsense.  There  are  tests  that  will  rule  out 
quackery,  miracle-mongering,  and  sequences  of  bad  rea¬ 
soning.  Surely  the  hope  of  prolonging  life  is  not  in  those 
categories.  Not  only  is  it  rationally  conceivable,  but  can 
be  made  specific  in  its  dependence  on  the  attainment  of 
certain  conditions.  We  do  not  know  whether  such  con¬ 
ditions  can  or  cannot  be  attained,  but  we  do  know  the 
door  is  still  wide  open. 
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The  only  rational  thing  is  to  try  and  to  keep  on  trying, 
and  allow  no  ^dogic  of  despair”  to  shut  our  eyes,  perhaps 
just  before  a  deeper  vision  is  granted  to  us.  That  is  why 
we  will  not  permit  anyone  to  discourage  us  from  study¬ 
ing  life  rhythms,  which  are  known  to  be  both  stable  and 
unstable.  Some  species  have  lives  that  are  easily  ex¬ 
tended  or  abbreviated  by  environment,  some  have  not. 
There  is  no  answer  yet.  If  we  ever  learn  we  shall  have 
a  powerful  weapon  of  control  of  longevity.  No  mean 
task  this, — it  will  involve  examination  of  thousands  of 
species,  close  examination  with  a  hundred-fold  knowl¬ 
edge  of  chemistry  as  compared  to  that  of  today.  That  is 
why  some  of  us  pay  so  much  attention  to  the  microscopic 
and  sub-microscopic  entities  as  chromosomes,  genes,  col¬ 
loids.  How  stable  are  these  stable  things?  And  what  is 
stability  and  instability?  Aren’t  they  completely  rela¬ 
tive?  The  best  work, — and  it  is  mathematics  which  has 
been  developed  only  in  the  last  years  in  Harvard  and  in 
Princeton — says  that  in  causal  systems  stability  is  in¬ 
escapably  a  relative  term.  Stable  from  one  point  of  view, 
unstable  from  another  j  no  one  can  draw  any  line  be¬ 
tween  the  two.  That  is  why  we  are  not  through  with  the 
problem  of  chemical  reaction  running  on  schedule.  Too 
often  they  do  not.  Too  many  are  reversible  in  some 
sense  or  other.  There  are  numerous  reactions, — we  have 
not  reached  the  vital  ones  yet, — which  can  be  pro¬ 
longed.  They  can  be  made  to  go  in  chains,  in  cycles.  The 
door  is  not  closed,  only  our  knowledge  is  so  little.  The 
colloids  of  the  body  need  not  eternally  stay  ignorant  of 
reversibility  for  any  completely  demonstrable  theoretical 
reason.  That  is  why  centenarians  among  human  beings 
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and  among  animals,  many,  many  thousands  of  them,  are 
still  fit  subjects  for  closer  study.  There  are  myriads  of 
clues  to  be  shifted,  if  we  would  only  frame  our  problems 
boldly  and  with  hope. 

To  frame  our  problems  boldly  and  with  hope!  Have 
we  not  heard  of  the  uses  of  an  ideal,  of  a  goal?  Is  not 
an  infinitely  remote  goal  better  than  some  local  ob¬ 
jective  which  may  prove  to  be  but  a  fashion  of  the  day, 
an  illusion?  The  distance  of  an  ideal,  like  the  gleam  of 
a  distant  beacon,  is  it  not  an  advantage?  If  well  founded 
it  seems  to  be  the  mainstay  of  courage  and  the  inspira¬ 
tion  of  better  local  and  temporary  objectives.  It  serves 
to  orient  effort,  unify  it.  And  not  only  that, — it  serves 
to  awaken  creativeness,  a  therapeutic  measure  which 
scientists  need  today  more  than  ever.  How  ridiculous  is 
it  then  in  the  face  of  such  vistas,  which  become  ap¬ 
parent  to  our  men  of  genius  after  protracted  experience 
and  ripening  thought,  to  bring  up  the  empty  sounding 
charge  of  wishful  thinking,  as  if  one  were  dealing  with 
imbeciles  incapable  of  self-examination.  Such  attempts 
to  stifle  hope  on  closer  examination  turn  out  to  be  wish¬ 
ful  thinking  on  the  part  of  those  who  cannot  bear  the 
blaze  of  the  conflagration  of  a  larger  problem.  There 
are  minds  that  can  face  possibilities.  They  are  the  philo¬ 
sophic  minds,  since  philosophy  is  the  analysis  of  pos¬ 
sibility.  And  there  are  minds  that  cannot  face  possibili¬ 
ties.  They  are  content  to  drift  about  on  a  raft  of  what 
seems  to  them  to  be  actualities.  And  how  trivial,  too, 
the  misgivings  (admitting  their  doubtful  sincerity)  of 
Messrs.  Flippant  and  Schopenhauer,  Jr. 

Time  and  tide  will  wait  is  proposed  as  a  slogan 
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of  hope  for  science  embattled  against  the  abyss.  Granted 
the  possibility,  every  effort  should  be  made  to  turn  it 
into  a  genuine  probability,  to  turn  it  into  a  fact  to  which 
all  theories  will  have  to  conform.  The  task  is  so  gigantic 
that  it  is  difficult  to  see  how  anything  significant  can  be 
done  short  of  international  organization.  We  need  for 
this  brave  new  science  a  society  of  research  workers  in  a 
warless  world,  where  ^brotherhood’’  will  not  be  an 
empty  word.  We  must  rid  ourselves  of  vested  interests 
in  science,  of  scientific  rugged  individualism,  and  from  a 
rising  tide  of  scientific  fascism.  Otherwise  the  croakers 
of  evil  days  will  be  right.  Countless  myriads  will  rush 
into  the  abyss  without  their  proper  fill  of  life,  because 
despair  ruled  our  days. 


II 

ON  CONSERVATION 


In  the  movement  to  conserve  our  resources  a  strange 
contradiction  is  often  allowed  to  lurk  unnoticed,  in  that 
human  life  itself  is  considered  a  liability  rather  than  an 
asset.  Suggest  that  one  should  increase  the  life  span  of 
everyone  to  one  hundred,  and  nine  out  of  ten  people, 
will  smile  and  ask:  how  will  you  feed  them  that  much 
longer?  Would  you  bankrupt  the  nation  with  old-age 
pensions?  There  is  an  unwillingness  to  consider  that  the 
added  years  could  be  added  years  of  usefulness.  Added 
childhood  years  or  added  years  of  extreme  old  age  would 
be  a  tax  on  the  resources^  added  middle  age  would  be 
an  assistance,  an  assistance,  of  course,  if  we  lived  in  a 
society  in  which  there  would  be  a  just  distribution  of  the 
fruits  of  one’s  toil. 

The  greatest  form  of  conservation,  to  use  a  phrase  of 
Arnoldus,  spoken  as  far  back  as  1313,  is  ^^the  conserva¬ 
tion  of  youth.”  Our  discussion  of  the  battle  for  longevity 
has  shown  that  one  may  expect  at  least  a  better  life  if 
not  a  longer  one  in  calendar  years.  A  ^Tetter”  life  means 
a  longer  span  of  youth.  It  has  been  noted  that  the  kind 
of  senility  that  brings  on  the  end  is  rather  rapid  both  in 

human  beings  and  in  rats.  When  Sherman  improves  the 

279 


28o 


THE  SPAN  OF  LIFE 


life  span  of  rats,  the  period  which  is  materially  changed 
is  the  middle  period.  The  curves  of  growth,  if  they  rep¬ 
resent  life,  are  like  trajectories  of  rapidly  moving  ob¬ 
jects  projected  against  a  resisting  medium.  The  range 
depends  on  the  original  propulsion,  the  curve  of  final 
fall  is  short  and  stubby. 

Aside  from  there  being  something  essentially  insin¬ 
cere  in  blowing  cold  on  efforts  to  prolong  life,  which 
always  has  been  the  problem  of  medicine  directly  and 
of  all  science  indirectly,  there  is  a  patent  fallacy  in  the 
usual  forms  of  mockery  employed.  The  most  usual  is  the 
assertion  that  the  protective  hand  of  science  has  saved  so 
many  weaklings  as  to  have  led  to  a  deterioration  of  the 
race.  There  are  biologists  in  good  standing  who  venture 
into  the  field  of  sociology  with  such  a  discovery  as  an 
argument  of  the  impossibility  of  any  effort  to  improve 
the  race.  The  fallacy  lies  in  an  undue  stress  on  the 
heritability  of  so  vague  a  thing  as  “constitution.’’  It  is 
not  seen  that  what  science  has  done  for  one  generation 
it  can  at  least  duplicate  for  the  next.  Aside  from  that, 
there  is  a  chaos  of  opinion  to  choose  from  as  to  what  con¬ 
stitutes  an  “improvement”  of  the  race,  or  of  anything 
about  the  complex  life  of  man,  for  that  matter. 

It  may  also  be  disputed  that  weaklings  in  any  ultimate 
sense  have  been  saved  by  science.  The  prolongation  of 
life  and  youth  we  speak  of  is  not  like  keeping  a  patient 
in  an  iron  lung  or  in  an  oxygen  tent  or  saving  him  by  a 
continuous  series  of  rescues.  The  assistances  he  receives 
is  made  use  of  by  the  inherent  potencies  of  his  own  body. 

It  may  also  be  worth  while  to  review  what  a  person  is 
really  likely  to  inherit. 
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The  inheritance  of  human  visible  characters  is  rather 
well  established  for  eye  color j  hair  colors  premature 
whitening  of  the  hair,  which  may  be  a  dominant  char¬ 
acter  unrelated  to  sexj  skin  color  due  to  multiple  causes  j 
abnormalities  in  the  fingers  and  the  toes,  as  their  union 
or  an  extra  number,  or  “lobster  claw,”  or  club  foot  5  dis¬ 
location  of  the  hipj  muscular  deficiency,  as  absence  of 
one  of  the  muscles  of  the  forearm,  or  strabismus  (squint¬ 
ing  of  the  eye),  or  drooping  of  the  eyelids,  or  mystagmus 
(a  rolling  movement  of  the  eyeball)  j  characters  of  the 
mouth,  as  absence  of  teeth,  or  of  certain  teeth,  cleft 
palate,  hare  lip,  and  adherent  tongues  j  facial  features  3 
the  character  of  the  hair,  as  waviness,  kinkiness,  baldness 
and  hypertrichosis  (superfluous  facial  hair  in  women)  in 
at  least  the  milder  form  3  stature,  including  some  types 
of  dwarfism  3  weight,  build  and  obesity  3  head  form. 

The  inheritance  of  human  physiological  characters  is 
rather  well  established  for  certain  peculiarities  of  the 
sense  organs,  as  cataract  of  the  eye  in  certain  cases,  color 
blindness  of  different  kinds,  night  blindness  which  is 
probably  due  to  a  defect  of  the  brain,  myopia,  or  short¬ 
sightedness  as  well  as  keenness  of  vision,  deaf-mutism 
of  non-disease  origin,  otosclerosis  (a  progressive  harden¬ 
ing  of  the  inner  lining  of  the  middle  ear)  3  probably 
cancer  3  defects  of  the  blood  and  blood  vessels,  as  hemo¬ 
philia,  hereditary  nosebleed,  and  possibly  apoplexy,  and 
the  very  blood  groups  themselves  3  hypersensitiveness 
to  specific  substances,  as  hay-fever,  asthma,  a  type  of 
oedema  (sudden  swellings  of  the  skin)  and  susceptibility 
to  poison  ivy 3  physiological  disturbances,  as  certain  de¬ 
fects  in  the  functioning  of  the  kidneys,  probably  diabetes. 
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a  form  of  jaundice,  and  the  possibility  of  goiter  j  infec¬ 
tious  diseases  only  in  the  sense  of  susceptibility  j  and 
longevity  as  a  very  complex  and  indefinite  thing.  The 
inheritance  of  the  last,  according  to  Pearson,  determines 
the  death  rate  to  the  extent  of  fifty-four  to  seventy- 
four  per  cent.  Glandular  activity  may  also  be  heritable, 
even  though  some,  like  the  thyroid,  respond  markedly 
to  environmental  factors. 

The  inheritance  of  mental  characters  is  sketchily  un¬ 
derstood  and  demonstrated.  Evidence  is  credited  for  a 
positive  effect  in  feeblemindedness,  {not  Mongolian 
idiocy),  epilepsy  and  insanity  (which  kind,  pray?)  at 
least  in  the  case  of  dementia  praecox.  There  is  a  futile 
sort  of  conflict  concerning  crime,  superior  ability,  and 
special  aptitudes.  Hardly  anyone  can  define  what  he  is 
talking  about. 

The  danger  points  lie  in  the  inheritance  of  physio¬ 
logical  disturbances.  It  is  possible  that  a  few  of  those 
may  be  really  serious  and  may  justify  advising  childless¬ 
ness.  In  the  inheritance  of  mental  characters,  where  the 
terms  ^finferior”  and  “superior’’  may  assume  social 
meaning,  there  seems  to  lie  very  little  meaning  of  any 
kind.  In  this  field  nature  and  nurture  are  so  utterly 
confused  that  the  best  advice  one  can  give  at  present  is 
to  suggest  that  the  entire  dispute  be  waved  aside  till 
someone  can  define  clearly  “criminality,”  “intelligence” 
and  similar  arbitrary  and  vague  terms,  and  give  them 
their  measures,  and  show  what  those  measures  signify. 

Eugenics  has  been  urged  as  one  of  the  best  means  of 
lengthening  human  life.  This  is  well  and  good  if  one  is 
willing  to  wait  for  generations.  But  who  is?  Along  such 
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lines  someone  has  made  the  witty  suggestion  that  anyone 
wishing  to  add  to  his  life  could  do  no  better  than  to 
choose  a  set  of  long-lived  ancestors.  It  is  that  kind  of  a 
choice  that  is  being  urged  seriously  by  the  eugenists.  Dr. 
Haven  Emerson,  professor  of  public  health  at  Columbia 
University  and  a  former  health  commissioner  of  New 
York,  gives  this  typical  kind  of  advice  in  the  form  of 
five  suggestions.  I  cite  these  to  show  how  of  necessity 
they  must  be  as  ineffective  as  they  are  true  in  a  vague, 
general  sort  of  way: — 

1 .  Preparation  for  eugenic  counseling  by  broadening  of  the  medi¬ 
cal  curriculum. 

2.  Inclusion  of  family  pedigrees  as  a  feature  of  medical  records 
of  the  natural  history  of  disease  and  health. 

3.  Encouraging  of  health  examination  of  prospective  mates  as  a 
basis  of  eugenic  practice  for  or  against  procreation. 

4.  Countering  the  irrational  fear  of  pain  and  hazard  of  maternity 
as  exaggerated  among  tender-minded  and  abnormally  self- 
centered  women  by  useful  promotion  of  confidence  in  the 
survival  and  well-being  in  childbirth  of  those  who  are  fit  in 
body  and  capable  of  devotion  to  motherhood. 

5.  Facilitating  the  bearing  and  rearing  of  children  of  fit  parents 
by  financial  concessions  to  those  whose  only  hindrances  or 
reluctance  is  limitation  of  financial  concessions. 

One  might  say:  ^Hhis  is  all  very  true,  but  sad.”  How  is 
one  going  to  select  the  ^^fit  parents”? 

The  proposals  of  eugenics  are  distinctly  better  than 
sitting  around  and  waiting  for  a  superior  human  mutant 
to  appear.  Granting  that  we  would  have  the  intelligence 
to  recognize  such  a  one,  we  would  swamp  him  by  inter¬ 
breeding  almost  involuntarily.  Even  if  we  could  pre- 
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serve  him,  the  development  of  an  entire  higher  species 
than  man  would  be  extremely  difficult  to  nurture,  unless 
it  immediately  seizes  control.  How  it  could  do  that  is 
difficult  to  see  because  man  is  no  longer  mere  man  or  a 
crowd  of  mere  men,  but  a  cumulative  historical  man 
with  the  knowledge  of  the  ages  available  to  overcome 
the  most  perfect  of  physiological  individuals.  Only  if  the 
new  individual  can  practically  single-handedly  counter 
the  forces  of  civilization  will  he  succeed  in  establishing 
his  superior  race. 

One  concession  should  be  made  to  the  eugenists  in 
order  to  encourage  them  with  regard  to  the  possible  in¬ 
crease  in  the  number  of  the  long-lived.  Statistics  do  show 
that  those  who  live  longer  do  have  more  children.  In¬ 
deed  the  victory  has  already  been  largely  won,  and  we 
still  doubt  whether  we  have  a  ‘ffietter’’  race.  ^^Being 
better’^  seems  to  be  an  acquired  character,  and  acquired 
characters  are  not  inherited!  We  inherit  much  which 
is  not  in  the  eugenist’s  sense,— language,  discovery, 
progress,  and  those  things  make  us  cumulatively  “bet¬ 
ter.’’ 

Pooh-poohing  scientific  enterprise,  shuffling  human 
kind,  and  deriding  the  democracy  of  science,  will  not 
solve  the  problem  of  the  conservation  of  life  and  youth. 
Only  the  boldest  scientific  research,  employing  every 
conceivable  experimental  approach  can  do  it. 


Ill 


A  PROJECT  FOR  SCIENTIFIC-MEDICAL 

RESEARCH 


The  most  fundamental  consideration  that  lends  any  sig¬ 
nificance  at  all  to  human  endeavor,  human  suffering  and 
human  hopes,  is  the  assured  continuation  of  the  human 
race  (as  a  form  of  immortality)  and  the  prolongation  of 
individual  lives  to  the  utmost.  All  other  considerations, 
no  matter  how  fascinating,  are  secondary.  The  staving 
off  of  death  and  its  possible  conquest,  come  first.  Death’s 
veto  is  indifferent  to  logic,  to  emotion,  yea  to  madness. 

Poor,  foolish  humanity!  If  it  were  enlightened, 
would  it  not  bend  every  effort  toward  the  systematic 
victory  over  the  abyss  which  swallows  it?  Would  it  not 
pore  into  Nature’s  secrets  a  hundred  times  more  intently, 
to  wrest  yet  a  little  more  security?  Would  it  not  weld 
science  and  medicine  into  a  fortress  of  defense  rather 
than  to  leave  them  to  haphazard,  unsupported  strug¬ 
gles  ? 


We  propose  to  examine  in  the  following  pages  new 
possibilities  of  scientific-medical  research,  and  to  sketch 
very  briefly  a  practical  proposal. 
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Perhaps  an  ethical  decalogue  of  principles  should  in¬ 
troduce  the  subject.  Here  is  a  possible  one: 

1.  Scientific-medical  research  should  be  all-human  (interna¬ 
tional,  world-wide,  regardless  of  the  alleged  distinctions  be¬ 
tween  human  types) . 

2.  Scientific-medical  research  should  include  all  relevant  sci¬ 
ences  (no  narrow  viewpoint). 

3.  Scientific-medical  research  should  be  coordinated  by  the  phi¬ 
losophy  of  scientific  research  (general  principles). 

4.  Scientific-medical  research  should  be  concerned  with  ulti¬ 
mate  issues. 

5.  Scientific-medical  research  should  be  concerned  with  im¬ 
mediate  realities. 

6.  Scientific-medical  research  should  exploit  governmental 
means. 

7.  Scientific-medical  research  should  exploit  private  means. 

8.  Scientific-medical  research  should  beget  its  own  means  (by 
all  civilized  methods). 

9.  Scientific-medical  research  should  be  made  available  to  all. 

10.  Scientific-medical  research  should  be  consulted  in  all  other 

human  activities. 

The  decalogue  stresses  the  idealism,  the  philosophy, 
and  the  practicality  which  must  be  blended  in  any  project 
that  may  show  hope.  One  is  almost  tempted  to  say  ^hhe 
end  justifies  the  use  of  any  and  every  means.” 

The  question  arises,  of  course,  as  to  whether  some 
such  broad  aim  has  not  already  been  met  by  existing  in¬ 
stitutions.  The  answer  is  a  flat  ^^no.”  There  are  indeed, 
many  fragments  of  the  scheme  in  existence,  but  the 
synthesis  has  not  been  made,  and  it  is  the  synthesis  that 
counts.  We  have,  for  instance,  institutes  like  the  Rocke- 
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feller,  government  laboratories,  university  units,  and 
individual  workers.  The  first  mentioned  is  utilizing  only 
the  interest  on  a  large  capital.  It  is  possibly  the  least 
narrow.  Yet  its  conquests  do  not  serve  to  bring  more  in¬ 
come  to  research,  which  they  should.  It  is  probably  the 
richest  but  it  depends  almost  wholly  on  the  fate  of  oil 
mining.  The  government  laboratories  are  immersed  very 
narrowly  in  immediate  realities — a  political  taint.  Such 
a  taint  is  sufficient  to  make  this  contribution  very  feeble 
indeed.  The  universities  possess  a  handful  of  workers  in 
the  fundamentals.  Their  struggles  are  pitiful,  since  they 
are  always  working  on  a  starvation  level.  Add  to  this  the 
evils  of  frantic  competition  for  credit,  remuneration,  and 
possession  of  the  spoils,  and  our  flat  ^^no”  seems  to  be 
quite  justified. 

At  the  same  time  the  old  units  may  serve  faithfully  to 
feed  a  new  project.  They  can  furnish  the  personnel  and 
to  quite  an  extent  a  loan  of  the  means. 

Our  new  institution  may  be  called  by  various  names — 
Cooperative  Research  Foundation  or  Unified  Research 
Foundation,  or  Vital  Research  Foundation,  or  Joint  Re¬ 
search  Foundation.  It  should  have  several  functions,  the 
strictly  scientific,  business,  educational.  Business  and  edu¬ 
cation  are  listed  because  they  are  the  features  which 
would  render  such  an  institution  independent  of  the 
whims  of  rich  men.  In  a  way  we  may  have  a  research 
university  as  an  integral  part  of  the  project.  At  first 
there  would  be  research  scholarships  at  established  uni¬ 
versities — we  have  some  such — and  later  a  center  for 
such  scholars  as  have  stood  the  test.  But,  living  in  our 
present  economic  order,  it  would  be  all  important  to 
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ensure  a  steady  flow  not  only  of  income,  but  of  new 
principal.  The  Research  Foundation  should  produce  its 
own  drugs  and  other  standardized  and  reliable  products, 
sell  them  and  thus  tax  the  public  for  further  research 
for  its  own  good,  instead  of  allowing  some  group  to  col¬ 
lect  all  and  leave  to  the  foundation  the  mere  crumbs 
from  the  festival  table.  Turn  capitalist  in  a  social  order 
in  which  capital  counts.  That  is  dealing  with  realities! 
And  if  the  steel  trust  or  the  railroads  are  consulted  on 
matters  of  public  policy — since  they  have  capital — why 
should  not  then  the  Research  Foundation,  if  it  too  ac¬ 
quire  the  capital? 

In  this  very  brief  review  one  can  indicate  the  new  de¬ 
partures  only  by  a  word  or  two.  The  scientific  plans 
would  be  different  also.  A  remarkable  staff  can  be  as¬ 
sembled.  Remarkable  men  at  the  universities  may  be 
made  representatives  of  the  foundation.  A  cooperative 
council  should  be  organized  for  almost  continuous  dis¬ 
cussion  and  planning,  and  a  central  laboratory  should  do 
the  exploratory  work  for  outside  collaboration. 

How  can  it  be  done?  It  can  be  done  in  many  ways, 
provided  the  spirit  of  the  ethical  decalogue  is  adhered 
to,  provided  general  science  and  medicine  are  welded  in 
a  frontier  laboratory  and  council,  provided  the  founda¬ 
tion  collect  its  own  revenues  from  its  successes  by  teach¬ 
ing  and  by  commercial  exploitation  in  a  world  in  which 
such  factors  spell  power  and  open  the  gates  wide  to 
achievement. 

We  have  a  group  of  men  who  can  start  this.  We  need 
assistance  in  the  first  investment,  which  should  be  a 
loan  of  several  million  dollars  by  the  public.  It  is  to  be 
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a  loan,  because  a  research  foundation  to  be  worthy  of 
the  name  must  be  successful  enough  to  justify  its  exist¬ 
ence  by  producing  remedies  worth  billions  of  dollars. 
Those  billions  will  be  given  more  cheerfully  than  the 
billions  swallowed  by  armaments  and  strife.  And  then, 
is  there  anything  that  a  research  foundation  will  not 
undertake  to  save  humanity  from  the  abyss? 


IV 

ON  UNIFIED  RESEARCH 


The  expression  “unified  research”  or  its  equivalent  will 
be  used  more  and  more.  Its  meaning  will  lie  in  a  realiza¬ 
tion  of  the  “unity  of  the  sciences”  and  in  an  increasing 
understanding  concerning  the  proper  organization  of  re¬ 
search  for  the  solution  of  major  problemxS,  such  as  the 
prolongation  of  youth. 

To  an  outsider  the  sciences  seem  to  have  little  connec¬ 
tion  among  themselves.  There  is  a  vague  recognition  that 
they  all  have  something  in  common  of  the  most  general 
sort,  something  which  might  be  called  “scientific  reason¬ 
ing.”  Otherwise  they  are  strangers. 

To  a  scientist  the  sciences  fall  into  definite  arrange¬ 
ments  allowing  a  certain  neighborliness  among  them¬ 
selves.  A  physicist  will  find  much  to  discuss  with  a  math¬ 
ematician  or  a  chemist,  a  biologist  will  often  team  up 
with  a  chemist  and  occasionally  with  a  psychologist.  To 
them,  as  practicing  scientists,  it  is  the  stratification  of 
science  that  matters.  At  a  typical  meeting  of  the  Ameri¬ 
can  Association  for  the  Advancement  of  Science  one  will 
find  the  alphabet  almost  exhausted  in  the  labeling  of  sec¬ 
tions  which  offer  great  contrasts.  The  dissimilar  sciences 

are  even  deliberately  kept  apart  in  different  buildings, 

290 


ON  UNIFIED  RESEARCH 


291 


or  unconsciously  kept  apart  by  a  desire  to  facilitate  visits 
between  the  neighborly  sciences.  Except  for  an  occasional 
general  speech  to  the  entire  body  no  effort  is  made  to 
mix,  for  example,  psychologists  and  physicists. 

Unwittingly  the  newspapers  lessen  the  impression  of 
the  clannishness  of  the  scientific  groups  by  reporting 
gleanings  from  various  meetings  all  on  the  same  page. 
One  feels  for  the  science  editors  of  a  responsible  frame  of 
mind,  who,  going  from  session  to  session  without  any 
special  axe  to  grind,  must  feel  quite  lost  in  their  effort  to 
see  connection  between  the  activities  of  sections  A,  B,  C, 
and  so  on.  They  may  be  compared  to  explorers  who  have 
stumbled  on  a  camp  of  many  African  tribes,  united  tem¬ 
porarily  somehow  by  their  common  complexion  and  a 
common  fear  of  the  white  peril,  but  ready  at  a  signal  to 
break  up  and  go  their  individualistic  ways.  Naturally, 
the  theme  underlying  intelligent  editorial  comment, 
whether  it  raises  the  issue  of  life,  mechanism,  free¬ 
will,  utility,  truth,  or  moral  significance,  is  essentially 
^Whither  Science.’’  It  should  be  the  essential  theme  of 
the  scientific  conclave  itself. 

It  is  not  the  blame  of  the  management  by  any  means. 
The  scientists  in  the  different  divisions  speak  different 
languages.  Worse  still,  many  of  the  languages  use  the 
same  words  in  quite  different  senses.  In  every  case  the 
vocabularies  are  highly  technical.  They  must  be  studied 
with  a  fine  sense  of  discrimination,  and  even  at  that  may 
remain  incomprehensible  without  sufficient  background 
of  experience.  Where  a  word  overlaps  several  sciences 
the  confusion  is  almost  unresolvable.  The  word,  ‘Afield” 
is  used  by  mathematicians,  physicists,  biologists,  and 
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psychologists.  Over  it  all  hovers  the  vague  popular  use 
of  the  word.  From  Einstein’s  ^^Field  Theory”  to  the  per¬ 
formances  of  a  Field  Marshall,  the  word  seems  to  fea¬ 
ture  in  every  conceivable  way. 

The  need  for  reform  is  being  felt  increasingly  by  more 
and  more  people.  Outstanding  is  a  group  of  philoso¬ 
phers,  who  call  themselves  philosophers  of  science,  who 
have  tried  to  coordinate  the  sciences,  to  bring  out  the 
large  variety  of  characteristics  they  have  in  common, 
and  to  unify  the  language  of  all  science.  There  is  no 
doubt  that  whatever  is  done  specifically  by  any  one  sci¬ 
ence  is  an  illustration  of  a  more  general  principle  applica¬ 
ble  to  groups  of  sciences,  and  finally  of  still  more  general 
principles  applicable  to  all  science.  In  this  sense  there  is 
just  as  much  for  physics  to  learn  from  biology,  as  for 
biology  to  learn  from  physics,  even  though  physics  has 
made  more  finished  advances  by  the  selective  simplicity 
of  its  approaches. 

Language  is  astonishingly  important.  At  its  worst  it 
may  be  a  device  to  hide  the  absence  of  thought,  at  its  best 
it  is  always  full  of  invitations  to  misrepresentation  and 
misinterpretation.  All  words,  including  those  of  science, 
have  a  haze  attaching  to  their  meanings.  This  derives 
from  their  being  social  products  and  their  meanings  be¬ 
ing  determined  by  social  conventional  usage.  Every  user 
causes  some  deviation.  The  word  becomes  a  composite 
of  varying  shades  of  meaning,  depending  on  its  own  span 
of  life  and  its  fortunes  in  its  environment.  The  same 
word  in  different  contexts  has  different  meanings.  It 
takes  on  an  added  haze  from  the  fact  that  the  contexts 
are  hazy  in  themselves.  For  words,  as  for  men,  time 
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passes.  They  go  through  youth,  maturity  and  senescence. 
With  them,  too,  we  have  a  problem  of  rejuvenation. 

The  moral  to  learn  from  all  this  is  that  the  sciences 
need  a  supplementary  discipline,  the  philosophy  of  sci¬ 
ence,  to  discover  their  common  bonds  and  to  guard  them 
against  deterioration  into  a  hopeless  Babel  j  in  other 
words,  to  preserve  the  unity  of  the  sciences. 

Once  the  unity  of  the  sciences  is  safeguarded  we  can 
see  our  way  toward  a  reasonable  plan  for  the  organization 
of  research.  Truly  organized  research  is  unified  research, 
unified  by  the  philosophically  determined  coordination 
of  the  sciences.  Given  a  problem,  for  example,  the  cure 
of  cancer,  it  is  at  once  seen  that  it  is  not  an  enterprise  for 
prima  donna  effort  or  for  the  garret  inventor.  It  is  not 
that  narrow  a  problem.  It  has  contexts  in  every  science. 
It  is  a  challenge  to  the  very  procedures  of  science. 

No  one  will  seriously  disagree  that  every  kind  of  tal¬ 
ent  should  be  invited.  Perplexity  will  be  shown  at  first 
at  the  proposal  to  invite  philosophers  of  the  caliber  of 
Edgar  Singer,  Jr.,  who  have  thought  a  great  deal  on  a 
system  of  science  “beyond  mechanism  and  vitalism.’’  It 
will  be  asked,  “how  can  they  solve  the  medical  problem 
of  cancer?”  The  obvious  answer  is  that  they  will  not 
solve  the  medical  problem  of  cancer,  but  that  they  will 
work  on  the  general  problem  of  cancer  which  is  much 
more  than  the  medical  problem  of  cancer.  Besides,  it  is 
proposed,  that  they  will  helf  solve  the  problem.  The 
problem  will  yield  only  to  cooperative  enterprise. 

It  will  be  easier  to  see  why  mathematicians  will  be 
needed.  Statistics.  Yes,  statistics,  and  much  more,  like 
the  ability  to  penetrate  a  connection  not  even  suggested 
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to  the  mind  of  another  kind  of  scientist.  Physicists? 
Physicists  have  the  key  to  many  mysteries  without  know¬ 
ing  it  themselves.  It  is  only  by  stimulation  by  other 
minds  that  these  things  can  come  out.  Chemists?  The 
chemist  is  well  known  to  bring  innumerable  suggestions. 
He  should  also  take  them  from  others.  Biologists?  Psy¬ 
chologists?  The  rights  of  the  biologists  are  indisputable. 
The  rights  of  psychologists  and  sociologists  will  be  es¬ 
tablished  without  much  trouble,  since  the  social  and  psy¬ 
chological  aspects  of  disease  are  quite  plain.  There  are 
many  hints  that  can  only  be  obtained  through  such 
sources.  Indeed  there  is  room  also  for  the  anthropologist, 
the  historian,  and  even  the  keen  amateur. 

These  choices  will  make  a  minimum  group  of  at  least 
twenty  people  in  order  to  include  the  necessary  variety  of 
points  of  view.  The  problem  still  remains  of  blending 
them. 

Scientists  accustomed  to  individual  eflFort  have  ex¬ 
pressed  a  great  fear  of  ^Regimentation.’’  One  can  vision 
some  fool  of  a  director  setting  himself  up  as  a  dictator 
and  forcing  all  effort  into  a  very  narrow  channel.  Were 
such  a  thing  to  happen  there  would  be  an  inevitable  re¬ 
volt,  even  against  economic  pressure  if  applied  by  the 
tyrant.  By  the  way,  it  should  be  a  principle  of  such  or¬ 
ganization  that  economic  pressure  should  not  be  exerted 
on  the  views  of  the  participating  researchers.  The  choice 
of  a  director,  who  is  willing  to  be  directed  by  the  emer¬ 
gent  results  of  discussion,  is  very  vital  to  proper  organi¬ 
zation. 

That  industrial  research  offers  a  good  model  to  medi¬ 
cal  research  is  largely  true.  There  are  some  differences 
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peculiar  to  each  kind.  It  should  be  easier  to  organize 
medical  research  more  profoundly  because  its  results  are 
not  to  be  evaluated  merely  in  dollars  and  cents.  Instead 
we  find  a  strange  insistence  by  individualist  medical  re¬ 
searchers  that  they  are  self  sufficient.  A  skeptic  might  say 
that  they  are  irresponsible.  In  the  industrial  field  co¬ 
operative  enterprise  has  so  often  outstripped  individual 
enterprise  no  matter  how  brilliant,  that  the  debate  is  now 
over.  Even  in  the  medical  field,  without  elaborate  or¬ 
ganization,  larger  and  better  teams  have  snatched  victory 
after  victory  where  the  individual  “genius’’  could  only 
reach  for  the  solution  feebly.  Many  advances  are  cred¬ 
ited  to  individuals.  Look  closer  and  almost  invariably 
they  have  been  individuals  with  large  staffs,  well- 
supplied,  and  cooperatively  managed  for  the  maximum 
interchange  of  ideas  amongst  themselves  and  with  the 
rest  of  the  world. 

Organization  in  no  way  implies  the  suppression  of 
the  individual.  Rather  it  is  the  encouragement  of  the 
individual  by  revealing  to  him  the  social  significance  of 
his  efforts.  One  must  risk  its  abuses  in  order  to  gain  its 
advantages. 

There  remains  one  very  unwelcome  feature  and  one 
pleasant  one  to  discuss.  The  unwelcome  feature  is  the 
economic  censorship  of  all  research  enterprise,  the  pleas¬ 
ant  one  is  that  there  is  a  problem  one  can  place  first  and 
feel  safe  in  doing  so. 

In  our  discussion  of  a  scientific-medical  project  for 
research  we  called  for  a  public  loan.  An  assurance  was 
given  that  the  loan  can  and  will  be  repaid.  The  evidence 
back  of  that  is  the  recent  experience  of  several  universi- 
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ties.  They  succeeded  in  freeing  themselves  to  an  extent 
from  the  oppression  of  economic  insecurity.  Instead  of 
relying  on  the  indulgence  of  university  trustees  or  the 
benevolence  of  patrons,  their  research  laboratories  de¬ 
cided  to  patent  their  findings  and  to  tax  the  beneficiaries 
for  the  benefit  of  future  research.  They  had  an  “ethicaP^ 
problem  to  overcome  and  were  denounced  in  many  quar¬ 
ters  for  making  ^^profit.”  It  is  surprising  how  long  it 
took  to  gain  confidence  in  opposing  the  mendacious  ob¬ 
jections,  and  to  assert  that  it  is  no  less  ethical  to  raise 
money  for  research  by  any  means  than  to  let  millions  ail 
and  die  because  of  the  lack  of  funds. 

The  Wisconsin  Alumni  Research  Foundation  took  the 
lead.  It  took  over  the  control  of  patents,  royalties,  funds, 
investments,  and  relieved  the  university  administrators 
of  responsibility.  Royalties  are  turned  over  for  further 
investment,  since  they  go  on  only  for  seventeen  years. 
All  income  from  investments  goes  directly  to  research 
projects,  assigned  by  a  faculty  research  committee  with¬ 
out  any  censorship  by  the  foundation.  The  foundation 
does  not  manufacture  or  sell.  It  licenses  manufacturers 
on  a  royalty  basis  and  under  very  strict  guarantees  of 
quality,  purity,  advertising  control,  and  price  of  the 
products  developed.  A  mere  $900  as  of  1925  has  become 
by  this  time  about  $2,000,000.  The  foundation  spends 
about  $85,000  for  research  annually. 

The  ethical  atmosphere  has  cleared.  The  Wisconsin 
Foundation  protects  the  public  against  indiscriminate 
exploitation  of  medical  discoveries  and  profiteering  by 
private  organizations.  It  gave  the  public  irradiated  er- 
gosterol  or  vitamin  D.  About  one-third  of  our  popula- 
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tion  gets  its  ^^sunshine  vitamin”  diet  accessory  under  the 
foundation’s  rigid  laboratory  control.  The  benefits  have 
also  been  spread  to  some  extent  in  Europe.  New  products 
are  being  added. 

Other  universities  are  beginning  to  do  the  same.  Co¬ 
lumbia  University  is  doing  its  bit  with  vitamin  D  from 
cod-liver  oil.  Cornell  Research  Foundation,  Inc.  is  a  re¬ 
cent  enterprise,  which  is  featuring  beta  lactose,  the  crys¬ 
tallization  of  honey,  and  reinforced  cereals,  and  is  still 
waiting  for  profits.  The  Massachusetts  Institute  of  Tech¬ 
nology  claims  outright  ownership  of  everything  dis¬ 
covered  and  developed  with  university  equipment  and 
on  university  time.  The  California  Institute  of  Tech¬ 
nology  allows  the  inventor  seventy-five  per  cent.  The 
University  of  Cincinnati  has  an  Institute  of  Scientific 
Research  which  also  returns  profits  back  into  research. 

Of  equal  fame  to  the  Wisconsin  Foundation  is  the 
foundation  at  the  University  of  Toronto  which  has  ex¬ 
ploited  the  insulin  patents  of  Frederick  Banting,  Charles 
Best  and  J.  B.  Collip.  The  ^^profits”  go  to  several  Cana¬ 
dian  universities  for  medical  research. 

Surely,  medical  research  can  be  self-supporting  with 
dignity  and  at  a  superior  ethical  level. 

The  ethical  level  is  really  set  by  the  research  problem 
chosen.  It  is  pleasant  to  contemplate  the  pre-eminent 
position  occupied  in  this  respect  by  the  problem  of  the 
control  of  aging  or  conservation  of  youth  or  the  prolon¬ 
gation  of  life.  It  comes  first, — first  in  fact  and  first  in 
ethical  obligation.  The  two  ^^firsts”  converge  beautifully 
according  to  the  Socratic  identification  of  the  True  and 
the  Good  and  the  Beautiful.  It  is  inevitably  first,  and 
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simply  for  the  following  reason.  Choose  any  desire,  plan 
for  its  execution,  and  you  will  find  that  in  order  to  have 
time  to  carry  it  out  and  enjoy  its  fulfillment,  you  will 
have  to  carry  out  the  primal  desire  of  keeping  yourself 
alive  first.  The  need  of  staying  alive  is  an  invariant  con¬ 
dition  of  any  action.  It  is,  thus,  the  nearest  thing  to  any¬ 
thing  absolute  in  this  relative  world  and  may  be  placed 
with  confidence  first  on  the  lists  of  projects  for  unified 
research. 


VIII 

’possibilities 


“The  silence  of  these  infinite  spaces  terrifies  me/’ 

Pascal 

Back  on  their  flight  he  looks  and  feels  no  dread 
To  think  that  Lethe’s  waters  flow  so  near. 

There  is  no  day  of  all  the  train  that  gives 
A  pang;  no  moment  that  he  would  forget. 

A  good  man’s  span  is  doubled;  twice  he  lives 
Who,  viewing  his  past  life,  enjoys  it  yet. 

Martial,  Book  X, 
Epigram  23  D 

“The  One  remains,  the  many  change  and  pass. 
The  Soul  of  Adonais,  like  a  star 
Beacons  from  the  abode  where  the  Eternal  are.” 

Adonais 


I 

LAST  BUT  NOT  LEAST 


In  closing  we  should  like  to  turn  to  speculation.  In  turn¬ 
ing  to  speculation  we  should  like  to  prepare  the  ground 
by  a  more  emphatic  kind  of  criticism  than  we  would 
otherwise  care  to  employ. 

Two  possibilities  of  an  extreme  kind  call  for  discus¬ 
sion.  They  are  the  possibility  that  science  might  tran¬ 
scend  its  limitations  and  that  our  fondest  ideals  may 
change.  We  speculate  concerning  other  possible  ‘dife 
spans.”  We  have  a  word  to  say  to  dogmatists  who  con¬ 
sider  science  an  absolute  guide j  an  object  lesson  on  the 
flimsiness  of  established  principles  j  an  examination  of 
certain  ideals  of  immortality  3  and  a  proposal  of  an  open 
door  policy  for  invention.  Our  speculative  suggestion  is 
another  version  of  a  very  true  observation  that  there  are 
more  things  in  heaven  and  on  earth  than  are  dreamt  of 
in  any  philosophy. 

Let  us  consider  how  sure  we  can  be  of  any  truth. 
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II 

ARE  THERE  OTHER  SPANS? 


Are  we  fated  to  a  certain  proportion  of  pain  and  pleasure 
in  our  span  of  life?  Is  there  a  periodic  span  of  pain  and 
a  periodic  span  of  pleasure?  One  cannot  be  quite  sure. 

There  is  assuredly  a  span  of  consciousness  and  a  span 
of  unconsciousness.  One  need  but  consider  sleep  in  that 
connection  and  its  claim  of  one-third  of  the  allotted  time. 
Sleep  also  seems  to  be  relatively  free  of  pain.  It  is  a 
pleasure  of  a  sort  which  is  enjoyed  illegitimately  in  wak¬ 
ing  moments.  Possibly  a  locus  of  pleasure  lies  in  the  twi¬ 
lights  that  border  sleep.  The  flux  of  consciousness  at  best 
is  an  oscillating  one  and  its  pleasures  and  pains  may  fluc¬ 
tuate  strangely.  We  are  also  moved  to  ask:  does  the  situ¬ 
ation  change  with  age?  Is  the  life  of  the  aged  absolutely 
less  pleasurable,  less  conscious,  or  only  relatively  so? 
Who  can  make  the  comparisons? 

If  we  but  knew  what  pleasure  is!  Pain  seems  to  be 
much  easier  to  identify.  It  all  seems  to  be  more  or  less 
of  one  kind,  but  pleasures  are  varied  and  are  valued  for 
their  difference  in  quality.  Another  question  forces  at¬ 
tention:  Whereas  euthanasia  can  end  all  hopeless  pain, 
what  should  we  do  about  the  myriads  of  pleasures  that 
do  not  satisfy? 
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The  rating  of  the  life  span  of  pleasures  will  involve 
the  entire  complexity  of  all  our  philosophies  of  value. 
The  pleasures  of  youth,  the  pleasures  of  middle  age,  and 
the  pleasures  of  old  age,  will  struggle  for  ratings  with 
unequal  success  at  different  periods  of  the  life  of  a  hu¬ 
man  being.  Perhaps  we  shall  also  find  that  pleasures  in 
prospect  may  be  enjoyed  more  than  in  their  immediacy 
and  more  than  in  retrospect. 

The  life  spans  of  memories,  specious  presents,  and 
hopes  are  actualities.  Still,  how  can  they  be  appraised? 
Puzzling,  but  important.  What  would  it  profit  a  man  to 
gain  almost  endless  life,  if  thereby  these  spans  were  not 
in  the  least  prolonged  in  either  the  quantitative  or  quali¬ 
tative  sense? 

The  noblest  of  all  projects  may  be  the  prolongation  of 
the  life  of  value  and  ideals.  True,  the  physiological  fac¬ 
tor  has  an  unwelcome  primacy.  Yet  with  all  its  primacy 
it  derives  its  significance  from  what  it  can  do  to  prolong 
the  life  spans  of  value. 

The  prolongation  of  the  pleasure  of  doing  kind  deeds 
by  more  of  such  doing  or  by  the  intensification  of  what 
is  normally  done  is  fortunately  still  largely  in  the  hands 
of  the  senescent.  There  is  no  end  of  nobility  that  can  be 
rolled  into  a  short  chronological  span.  It  is  conceivable 
that  more  can  be  done  by  way  of  living  in  this  sense  in 
one  year  of  old  age  than  in  all  the  time  preceding  it! 
Well  and  good,  you  say.  Let  us  do  something  about  it? 

We  have  no  ready  answer.  It  is  not  clear  what  should 
be  done  because  we  lack  a  social  philosophy.  Individual 
planning  has  gone  on  for  ages.  For  ages  it  has  run  disas¬ 
trously  on  the  rocks  of  social  conditions.  A  rugged  in- 
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dividualism  in  the  aesthetic  life,  moreover,  seems  to  be 
no  more  possible  than  a  rugged  individualism  in  the 
ethical.  Even  the  pleasures  of  solitude  derive  much  of 
their  value  from  the  social,  both  by  contrast  and  by  inter¬ 
pretation.  So-to-speak,  one  can  have  a  social  pleasure 
alone.  When  one  muses,  day-dreams,  or  plays  solitaire, 
one  follows  conventions,  usage,  and  the  most  dominating 
social  tyrant  of  all,  language.  We  are  never  quite  alone 
after  we  have  been  together  with  others. 

This  sad  realization  almost  stops  discussion.  Of  what 
earthly  good  is  it  to  propound  highly  individual  wisdom 
when  the  chances  of  striking  a  strictly  or  even  loosely 
parallel  case  to  oneself  are  so  small?  Of  the  social  in  our 
present  plight  there  is  very  little  wisdom  available.  A 
composite  of  ideals  with  regard  to  the  enriching  of  the 
psychic  life  is  about  all  one  can  produce  and  hope  that 
it  may  serve  as  an  adequate  blend,  if  taken  without  a 
doctor’s  advice. 

Composites,  if  carelessly  blended,  may  turn  out  to  be 
elaborate  zeros.  The  relativity  of  ethics  has  been  reduced 
to  almost  this  net  result.  For  every  virtuous  act  of  one 
kind  there  has  been  found  an  act  of  precisely  the  oppo¬ 
site  kind  ranked  as  equally  virtuous  by  someone  else 
or  by  someone  else’s  culture.  The  conclusion  is  often 
jumped  at  that  there  is  no  virtue,  instead  of  that  there  is 
no  virtue  as  such.  There  is  a  failure  to  realize  that  back 
of  all  relativities  lurks  an  invariant  unchangeable  some¬ 
thing.  This  survives  all  points  of  views,  as  an  object  sur¬ 
vives  all  its  possible  perspectives.  It  is  not  any  one  of 
them  but  it  is  an  object  nevertheless.  The  invariant  in 
ethics  is,  in  our  opinion,  the  principle  that  ties  the  indi- 
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vidual  to  society.  Neither  can  be  without  the  other.  All 
theories  that  set  up  the  individual  and  society  or  society 
and  the  individual  as  sharp  opposites  are  efforts  to  deny 
morality  altogether. 

The  psychic  life  span  of  an  individual  sharply  cut  off 
from  the  psychic  span  of  his  culture  is  either  a  mon¬ 
strosity  or  a  purely  intellectual  concept  without  an  actual 
illustration.  The  longest  chronological  life  is  a  short  life 
when  it  is  largely  divorced  from  a  cumulative  culture. 
A  depth  factor  due  to  the  amount  of  culture  should  be 
introduced  in  the  reckoning  of  the  cultural  span,  some¬ 
thing  like:  Cultural  span  =  depth  x  time  (chronologi¬ 
cal).  This,  too,  is  rather  inadequate  because  the  time 
factor  changes  in  quality.  We  note  it  constantly  when  we 
say  ^ffimes  are  changing.”  The  formula  would  perhaps 
be  better  expressed:  Cultural  span  =  depth  factor  (indi¬ 
vidual)  x  historic  factor  (public)  X  time  (clock).  Still 
other  quality  factors  may  call  for  inclusion  j  and,  if  they 
are  genuine  qualities  they  will  balk  at  mere  mathemati¬ 
cal  or  logical  multiplication. 

The  rebellious  psyche  refuses  to  admit  defeat  at  any 
level.  We  have  seen  Freud’s  testimony  concerning  the 
bland  assumption  of  immortality  on  the  part  of  the  Un¬ 
conscious.  In  this  respect  it  is  absolute.  There  is  a  con¬ 
stant  tormentor  in  us,  however,  who  opposes  the  absolute 
with  might  and  main.  It  is  the  Discursive  Reason,  which 
is  also  in  its  own  way  “scientific,”  “common  sense”  and 
devoted  quite  exclusively  to  practical  enterprises.  Reli¬ 
gious  faith  in  its  aspirations  toward  immortality  depends 
largely  on  spurning  the  finitist  urgings  of  the  Discursive 
Reason.  The  religious  promise  of  immortality  is  wit- 
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tingly  an  ally  of  the  Unconscious.  In  some  religions, 
therefore,  immortality  is  fittingly  achieved  only  by  a 
complete  submergence  in  a  world-soul.  The  appeals  to 
a  “higher  consciousness”  are  appeals  to  what  would  seem 
to  the  mildly  conscious  average  human  being  to  be  a  kind 
of  unconsciousness.  He  desperately  wants  his  finite  self 
indefinitely  prolonged.  Thomas  Henry  Huxley  spoke 
wittily  the  average  man  when  he  admitted  that  he  pre¬ 
ferred  an  after  life  in  hell  to  complete  annihilation  “pro¬ 
vided  suitable  arrangements  could  be  made.” 

The  absorption  into  the  Unconscious  is  3  solution  to 
those  whose  powers  of  self-hypnosis  are  extraordinary  or 
possibly  to  a  few  who  might  claim  to  have  arrived  at 
it  by  prolonged  discipline  and  refinem.ent  of  psychic 
power.  Saints  have  found  it  easier  to  convince  others  of 
their  sainthood  than  themselves.  About  them  it  is  only 
rumored  that  they  had  arrived  at  the  revelations  of  im¬ 
mortality.  And  as  for  those  who  have  been  sure  of  their 
psychic  power  too  many  have  proven  to  be  defective  on 
that  side  rather  than  superior. 

Mankind  as  a  whole  behaves  as  if  it  would  work  out  its 
salvation  or  damnation  by  itself  at  the  psychic  as  well  as 
at  the  physical  level.  The  immortality  it  seeks  would  be 
its  own  gift.  Its  methods  will  be  science.  Its  spirit  will  be 
“the  search  for  truth.” 


Ill 


COMMON  SENSE  FOR  DOGMATISTS 
{A  WARNING  CONCERNING  ^^TRUTW^) 


Science  must  have  its  purpose,  its  End.  A  purpose  is 
something  we  hasten.  An  end  is  something  we  put  off  as 
long  as  possible.  This  is  more  than  a  pun.  The  purposes 
we  set  up  acquire  a  desirability  and  dignity  which  grow 
with  distance  and  even  acquire  the  character  of  divinity 
when  they  become  inaccessible  or  become  ^ffhe  End.” 

The  supreme  end  of  science  is  the  TRUTH.  It  is  an 
ideal  which  aroused  the  mirth  of  Pilate  and  still  keeps 
the  world  rollicking.  Pilate  laughed  worse  than  he  knew. 
All  those  who  laugh  first  find  difficulty  in  conceiving 
ends.  The  commonplace  trend  is  to  take  the  cash  of  im¬ 
mediate  experience  and  to  let  the  credit  of  theory  go. 

An  infinitely  delayed  certainty  is  too  weak  a  stimulant 
to  romantic  minds.  It  is  they  who  demand  an  immediate 
certainty,  truth  by  fiat.  The  door  must  be  shut  on  doubt 
promptly,  for  once  it  is  in,  its  infection  is  permanent. 
Certainty  is  made  to  reside  in  the  “immediate  data  of 
consciousness,”  in  “the  senses,”  in  “wy  idea”  in  the  “cog- 
ito”  and  in  an  endless  series  of  idealistic  “givens.” 
Something  is  taken  as  absolutely  given  and  beyond 
doubt.  How  comfortable! 
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More  obstinate  minds  cannot  identify  certainty  with 
(the  ideal  of)  truth.  Certainty,  they  will  say,  is  a  matter 
of  complete  belief,  genuine  or  simulated,  a  conviction 
and  no  more.  Truth  may  even  be  totality  disbelieved  and 
its  expression  held  with  different  degrees  of  assurance. 
If  one  is  certain  about  it  one  is  quite  out  of  the  spirit  of 
its  empirical  origin,  to  which  there  always  attaches  an 
uncertainty.  What  we  think  is  true  (for  the  time  being) 
need  not  be  true:  what  we  think  is  untrue  may  be  true. 
The  final  decision  is  indefinitely  postponed.  The  scienti¬ 
fic  phrase  ^^suspension  of  judgment’’  means  suspension 
of  final  judgment,  all  decisions  as  to  truth  being  tenta¬ 
tive  by  the  very  rules  of  the  scientific  game. 

Were  we  to  be  asked  wherein  the  wisdom  of  science 
lies,  and  “wisdom”  were  to  mean  bedrock  experience  in 
the  workings  of  the  world,  we  would  say  it  lies  in  this 
refusal  to  accept  permanent  certainties.  Thus,  science 
speaks  in  no  uncertain  tones  on  its  findings,  but  there  are 
always  the  asides.  It  is  definitely  anti-dogmatic  in  its 
very  triumphs,  and  is  thus  diametrically  at  the  opposite 
pole  of  all  philosophies,  which  are  theologies.  “There’s 
no  doubt  in  this  Book”  says  the  Koran.  No  scientific  work 
can  possibly  say  anything  like  that,  without  surrender¬ 
ing  its  essential  scientific  status. 

A  certain  note  of  hopelessness  may  be  relieved  for 
those  whose  appetite  for  truth  demands  an  immediate 
large  portion.  We  can  express  a  belief,  although  we  can¬ 
not  prove  that  it  is  anything  more,  that  we  are  traveling 
toward  the  goal  and  not  at  random,  that  truth  is  really 
emerging  by  its  intermediate  stages.  This  may  even  be 
described  as  the  faith  of  science.  It  is  not,  to  us,  of  the 
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character  of  religious  faith,  since  it  is  not  an  absolute.  It 
is  merely  a  hope.  Color  it  as  you  will, — with  wistfulness 
or  with  a  sparkle  of  delight,  but  you  can  never  have  the 
true  Crusader’s  illumination. 

The  background  of  the  scientist’s  confidence  is  the 
social  field  we  spoke  of  elsewhere.  It  is  not  an  individual¬ 
istic  confidence,  Nobel  Prizes  notwithstanding.  There’s 
room  for  genius  because  there  is  room  for  hard  work, — 
and  some  people  can  and  do  work  harder.  Scientific  re¬ 
sults,  experiments,  speculations,  however,  are  common 
property.  In  spite  of  the  elaborate  rules  of  courtesy  in 
borrowing  scientific  materials,  the  greatest  discourtesy 
would  be  not  to  accept  the  gifts  of  your  fellow  scientists. 

Again,  it  is  the  social  field  that  makes  the  scientist 
quite  frequently  speak  almost  in  a  religious  tone  of  hav¬ 
ing  uncovered  ^^the  only  truth.”  If  he  were  careful  he 
would  say  “the  only  reliable  approximation  to  truth.” 
If  he  were  philosophical  he  would  comprehend  that  the 
social  in  itself  is  in  evolution  and  may  suffer  from  re¬ 
verses.  He  would  say  that  it  is  contingent  but  is  the  se¬ 
curest  thing  we  have.  What  dangers  lie  ahead  no  one 
knows,  and  there  may  be  many  dynasties  of  the  regal 
“social.”  The  social  at  best  is  only  a  “relative  absolute,” 
something  taken  as  absolute  tentatively  till  we  know 
better. 

Social  agreement,  therefore,  even  when  it  is  so  bril¬ 
liantly  illustrated  by  science,  is  not  the  definition  of 
truth.  It  may  be  the  definition  at  best  of  T ruth-in-the- 
making.  This  clearly  implies  a  truth-in-the-unmakingy 
allows  for  change,  revolution,  reversals,  surprises,  anni¬ 
hilation,  recreation. 
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Someone  will  enter  a  protest  that  in  mathematics  and 
logic  we  have  something  which  would  resist  the  gnaw¬ 
ings  of  doubt.  The  inevitable  two  and  two  is  four  will  be 
dragged  in,  as  evidence  of  an  absolute.  The  invincibility 
of  deduction  will  be  cited  to  the  same  effect. 

In  mathematics  and  logic  an  attempt  was  made  to  re¬ 
enthrone  intuition.  The  laws  of  thought  were  supposed 
to  work  without  the  slightest  hitch.  The  foundations  of 
mathematics,  whatever  they  may  be  were  made  by  an 
infallible  choice.  Both  of  these  positions  are  still  main¬ 
tained,  both  have  suffered  a  serious,  modification.  The 
anti-absolutists  are  winning. 

The  choice  runs  like  this:  either  logic  and  mathematics 
are  of  an  empirical  origin  or  not.  If  they  are,  they  are 
true  only  because  they  work.  Should  they  cease  to  be 
true,  they  will  have  to  be  discarded  as  unverified.  If  they 
are  not  empirical,  they  need  not  (cannot)  be  verified, 
but  then  they  say  nothing  about  truth.  The  most  they  can 
do  is  define  consistency,  set  order  in  the  world  of  fact, 
but  they  can  have  nothing  to  say  that  is  in  itself  a  neces¬ 
sary  or  probable  fact. 

This  is  a  very  uncomfortable  dilemma:  either  perfect 
reliability  without  truth  or  a  chance  at  truth  with  the 
attending  loss  of  perfection. 

The  one  view  says  mathematics  and  logic  are  applica¬ 
ble  lo  nature,  because  we  have  simply  willed  it,  proposed 
it.  We  have  made  the  rules  up  and  make  everything  fit 
the  rule.  They  originate  in  our  conventions  which  we 
grip  with  a  death  grip.  The  conventions  are  as  tyrannous 
as  the  requirements  of  sanity,  more  so.  Convention,  ob¬ 
viously,  derides  truth. 
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The  other  view  places  mathematics  and  logic  in  na¬ 
ture,  making  the  applicability  a  discovery  in  itself  and 
hence  subject  to  the  uncertainty  of  any  discovery.  Who 
can  tell  when  we  shall  discover  that  no  mathematics  ap¬ 
plies,  or  whole  sectors  of  mathematics  fail  to  apply? 
Thus,  Bridgman  suggests  that  beyond  a  certain  point  in 
the  study  of  atoms,  counting  no  longer  applies.  At  one 
place  there  are  no  longer  continuities,  at  another  even 
the  discontinuities  disappear.  And  so  mathematics  disap¬ 
pears. 

Certain  kinds  of  logic  can  also  disappear.  The  kind  of 
logic  that  says  something  must  be  either  true  or  false  can 
go  to  pieces  too.  What  is  meant  is  not  that  the  logic  is  in 
error,  but  that  the  conditions  for  its  operation  are  not 
satisfied.  In  other  words,  the  bold  assertion  is  made  that 
there  is  no  logic  good  for  every  occasion.  At  least  a  loos¬ 
ening  must  be  admitted  here  and  there,  if  for  no  better 
reason  than  that  we  can’t  see  the  horizon  of  what  we  are 
talking  about.  The  horizon  in  logic  is  known  as  ^hhe 
universe  of  discourse.”  The  paradox  seems  less  paradoxi¬ 
cal  if  we  look  upon  the  odd  limitation  as  due  to  there 
being  possible  an  infinite  number  of  universes  of  dis¬ 
course.  No  one  can  tell  how  they  are  to  be  united  or  how 
and  where  they  overlap.  Such  being  the  case  we  can  even 
progress  to  a  further  see-saw:  (in  mathematics)  we  get 
logical  consistency  at  the  expense  of  truth  3  (in  natural 
science)  we  get  truth  at  the  expense  of  logical  consist¬ 
ency. 

Our  approach  is  not  a  denial  of  truth.  It  is  a  modifica¬ 
tion  of  it  on  a  probability  level.  Things  are  declared 
tentatively  true  as  their  probability  rises  on  the  basis  of 
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verification.  The  rise  in  probability  is  in  itself  a  disputa¬ 
ble  point.  It  is  so  readily  confused.  At  times  it  seems  to 
be  no  more  than  an  expectancy  of  a  very  subjective  kind. 
The  mere  repetition  of  instances  invites  such  an  attitude. 
Science  tries  to  dodge  mere  expectancy,  because  it  itself 
has  a  low  probability  of  success.  If,  however,  expectancy 
along  several  lines  may  be  converged  on  the  situation, 
the  simultaneous  verification  of  all  indicates  more  than 
a  subjective  expectancy.  The  chance  for  the  coincidence 
is  too  small  for  the  random  grounds  on  which  the  subjec¬ 
tive  operates. 

This  will  look  like  guessing  and  unworthy  of  so  ma¬ 
jestic  a  thing  as  science.  If  guessing  it  be,  one  has  to 
make  the  most  of  it.  It  is  an  empirical  finding  itself  that 
‘^guessing’’  is  more  successful  than  coming  down  from  an 
Olympus  of  known  truth.  Certainly,  if  we  already  know 
the  truth,  why  look  for  it? 

We  do  place  a  great  deal  of  reliance  on  rules  of  substi¬ 
tution  which  are  the  essence  of  deduction.  That  also 
yields  no  truth  beyond  what  one  starts  with  on  faith.  De¬ 
duction  turns  out  to  be  no  more  than  glorified  mathe¬ 
matical  consistency.  It  deals  with  manipulations  which 
may  surprise  us  because  we  cannot  see  the  results  of  the 
shiftings  in  a  rapid  glance,  yet  surprise  is  no  guarantee  of 
novelty.  In  the  sense  of  an  emergence  there  may  occa¬ 
sionally  be  found  a  deductive  construction  of  a  kind 
which  links  series  of  statements,  in  which  we  would  ad¬ 
mit  an  element  of  objective  novelty  of  quite  the  loosest 
sort,  something  like  garlands  or  chains  of  reasoning.  The 
ordinary  procedures,  however,  are  just  substitutions, 
tautologies,  resortings  that  have  the  prime  virtue  of  con¬ 
sistency,  but  not  of  truth. 


COMMON  SENSE  FOR  DOGMATISTS  313 

Induction  is  the  source  of  both  logical  and  natural 
truth,  though  it  may  be  organized  or  assisted  by  deduc¬ 
tion  or  mathematics  in  either  case.  Deduction  itself  is 
helpless. 

Very  often  one  runs  into  deductive  proofs  that  some¬ 
thing  is  impossible,  e.  g.  the  prolongation  of  life.  What 
in  the  world  can  that  be?  The  impossible  turns  out  to  be 
at  closer  view  merely  the  inconsistent.  In  the  actual 
world  there  is  no  proof  that  can  show  impossibility,  be¬ 
cause  we  can  never  be  quite  sure  we  are  dealing  with 
contradictories.  The  only  things  that  seem  to  be  exempt 
are  presence  and  absence.  A  thing  cannot  be  both  present 
and  absent.  Nevertheless  even  that  may  be  questioned — 
and  it  has  been — in  the  modern  theory  of  the  electron. 
Something  may  be  both  present  and  absent.  It  is  a  proba¬ 
bility.  Probability  stands  on  guard  against  an  absolute 
truth. 

With  our  finite  set-ups  the  impossible  can  only  mean: 
impossible  in  a  definite  set-up,  which  can  be  logically 
described  completely.  There  is  nothing  generally  im¬ 
possible.  This  makes  (as  far  as  we  are  concerned)  the 
world  the  stamping  ground  for  all  possibilities  which 
may  or  may  not  become  actual.  There  are  no  impossibili¬ 
ties  to  be  declared  before  the  events.  The  possible  turns 
impossible  in  all  cases  except  the  possibility  that  turned 
actual. 

Deduction,  being  helpless  with  truth,  is  helpless  with 
the  impossible  and  with  it  with  the  actual  and  the  possi¬ 
ble.  It  can  only  shrink  a  given  cloud  of  thought  con¬ 
sistently.  It  cannot  give  an  “established  principle.”  What 
an  established  principle  is  we  shall  see  next. 


IV 

ON  ESTABLISHED  PRINCIPLES 


Established  principles  have  no  prolonged  span  of  life. 
If  they  achieve  centenariness  they  are  very  extraordi¬ 
nary  indeed.  Following  our  very  general  warning  con¬ 
cerning  the  inaccessibility  of  ultimate  truth  and  the  pos¬ 
sible  desirability  of  this  inaccessibility,  we  v/ish  to  adduce 
an  example  of  the  ^instability  of  the  established”  that 
have  a  bearing  on  the  problems  of  the  span  of  life. 

Dr.  Carrel  recently  discussed  the  ways  and  means  of 
prolonging  life.  He  saw  no  theoretical  basis  for  denying 
the  possible  utility  of  rejuvenation  operations  or  of  phy¬ 
siological  control  of  longevity,  as  by  diet.  He  even  toyed 
with  the  idea  of  a  kind  of  suspension  of  animation,  a 
hibernation,  a  voluntary  going  into  storage,  a  fabled 
sleep  without  dreaming.  Even  that  he  considered  im¬ 
mune  from  the  frostbite  of  theory.  In  his  opinions  he 
showed  an  appreciation  of  the  scientific  attitude  which 
closes  no  door  permanently  in  its  enterprise  of  truth- 

At  one  point,  however.  Dr.  Carrel  showed  a  faintness 
of  heart.  He  described  life  as  “characterized  by  irreversi¬ 
ble  chemical  changes,”  and  argued  therefrom  that  death, 

the  terminal  chemical  event,  is  inevitable.  Apparently 
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he  accepted  an  ^^established  principle”  that  certain  chem¬ 
ical  changes  are  irreversible.  We  do  not  think  that  he 
followed  his  usual  caution  sufficiently  in  that  case,  and 
that  he  shut  the  door  on  a  contrary  view  too  precipi- 
tantly.  We  felt  like  complaining,  ^^Et  tu.  Brute!” 

It  happens  in  this  case  that  chemists  have  been  sus¬ 
pecting  for  the  last  fifty  years  or  more  that  possibly  no 
chemical  reaction  Is  comfletely  Irreversible.  They  have 
worked  assiduously  on  the  problem,  and  have  proved  in 
one  instance  after  another  that  reactions  thought  to  be 
irreversible  are  reversible.  The  expectation  has  become 
stronger  and  stronger  that  they  may  all  be  reversible. 

One  might  say  that  is  what  one  means  by  the  absence  of 
a  theoretical  reason  against  reversibility.  But,  no!  Many 
assert  that  there  is  a  theoretical  reason  against  reversi¬ 
bility, — the  so  called  second  law  of  thermodynamics. 
We  have  described  it  as  a  law  which  states  that  isolated 
processes  tend  to  go  in  a  direction  giving  maximum  en¬ 
tropy  (or  disorder).  This  wicked  law  has  been  credited 
with  pointing  “time’s  arrow”  in  but  one  direction,  the  fu¬ 
ture,  with  all  its  disappointing  results.  The  law,  however, 
is  not  the  “established  principle”  it  has  been  thought  to 
be.  It  may  not  even  hold  for  isolated  systems,  imagining 
there  were  such,  without  granting  the  folnt.  Richard 
Tolman  by  applying  relativity  considerations  got  laws 
of  an  entirely  different  cut.  The  new  laws  admit  either 
a  running  up  or  a  running  down  of  the  universe,  cycles, 
and  all  sorts  of  twists  and  turns  which  only  mathematics 
can  uncover  and  describe.  We  may  be  only  on  one  of  the 
running  down  branches  of  the  curve.  Remember,  the  law 
is  an  experimental  one,  and  hence  has  only  probability 
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and  not  certainty.  It  has  no  sacred  priority  as  ^^estab¬ 
lished’’  for  all  time.  It  is  temporarily  in  the  ascendant, — 
perhaps.  Its  application  to  the  future y  depends  on  the 
experimental  data  of  the  future.  The  complete  establish¬ 
ment  of  this  principle  is  as  unending  a  problem  as  any¬ 
thing  in  undogmatic  science. 

It  were  better,  then,  not  to  advance  any  generaliza¬ 
tions  good  for  all  time.  There  is  always  room  for  a  glim¬ 
mer  of  hope,  for  we  are  so  made  as  to  never  to  be  able  to 
taste  the  fulness  of  knowledge  and  its  possible  fulness  of 
despair. 

Let  us  rather  take  a  glimpse  at  some  other  kinds  of 
counsel  of  despair  which  point  in  an  opposite  direction. 


V 

THE  COUNSELS  OF  DESPAIR 


The  ideal  of  immortality  has  been  formulated  by  pa¬ 
tient  sages,  it  has  been  held  by  impatient  men. 

Job  asked:  “If  a  man  dies,  shall  he  live  again?”  That 
was  a  question  asked  in  an  impatient  mood,  an  imperti¬ 
nence,  an  outcry  of  despair.  The  search  for  immortality 
by  the  route  of  an  after  life  has  always  had  a  desperate 
note  in  it. 

Two  solutions  are  offered.  One  is  a  complete  change 
to  immateriality,  the  other  is  a  transformation  in  time 
and  space  involving  a  kind  of  spiritual  matter.  Religion 
stresses  this  transition  to  the  immaterial,  a  kind  of  urge 
to  science  argues  for  the  other. 

Immortality  according  to  the  first  plan  can  begin  in 
the  present  life  by  the  establishment  of  a  communion  by 
the  spiritual  factor  in  us  with  God  himself.  Furthermore, 
it  needs  for  its  support  demonstration  of  the  falsity  of 
materialism,  since  it  is  unwilling  to  admit  of  a  material 
God.  That  would  be  a  pantheistic  heresy.  It  has  many 
authoritative  things  to  say  about  the  spiritual,  and,  natu¬ 
rally,  no  material  tests  for  them.  The  biology  of  the 
world  to  come  operates  in  an. invisible  spiritual  body. 

Philosophers,  however,  are  likely  to  pervert  this  notion 
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which  refers  to  a  full  survival  of  the  individual.  Scho¬ 
penhauer,  thus,  spoke  of  the  survival  of  the  idea  of  the 
species  or  genus.  The  religious  man  does  not  mean  that 
at  all.  He  speaks  of  the  survival  of  the  individual  spirit¬ 
ual  entity. 

The  person  who  prefers  to  lean  on  science  seizes  on 
some  rather  reasonable  assertion,  as  that  “our  bodies  con¬ 
tain  (potentially)  immortal  elements’’  or  on  an  even 
firmer  credo  of  scientists,  that  matter  and  energy  are  con¬ 
served  or  are  indestructible,  and  builds  on  it  a  plan  to 
conserve  himself  in  full  material  splendor.  Material,  yet 
invisible.  An  eminent  scientist  recently  pointed  out  that 
the  hereafter  may  well  be  in  the  vast  spaces  between  the 
electrons  and  protons  of  matter,  which  we  know  are  enor¬ 
mous  distances  apart  relative  to  their  sizes.  Enmeshed 
with  this  material  world  is  another  one  which  for  some 
reason  does  not  register  with  us,  but  into  which  our  mat¬ 
ter  is  convertible.  Presumably,  the  reverse  is  also  the 
case.  When  the  Society  for  Psychical  Research  goes 
ghost  hunting  it  is  on  the  look  out  for  a  possible  re¬ 
materialization  from  the  complementary  material  world. 
This  is,  perhaps,  no  stranger  than  one  of  the  wonders  of 
modern  physics,  where  energy  is  seen  to  appear  as  mat¬ 
ter  (electron  pairs)  and  matter  is  seen  to  appear  as  en¬ 
ergy  (radioactivity  and  nuclear  decompositions).  Other¬ 
wise  the  field  is  full  of  the  most  trivial  suggestions.  In 
the  congestion  perhaps  a  worth  while  idea  of  a  sort  may 
be  lost. 

There  are  more  or  less  gay  efforts  to  undermine  these 
efforts  to  achieve  immortality  by  divine  attraction  or  by 
anti-gravitational  repulsion.  Something  like  an  after  life 
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is  the  condition  of  the  Struldbruggs  described  by  Jona¬ 
than  Swift.  ^^At  four  score  they  had  not  only  the  follies 
and  infirmities  of  other  old  men  but  had  many  more 
which  arose  from  the  prospect  of  never  dying.  .  .  . 
They  were  not  only  opinionative,  peevish,  morose,  vain, 
talkative,  but  incapable  of  friendship  and  dead  to  all 
natural  aflFection,  which  never  descended  below  their 
grandchildren.  Envy  and  impotent  desires  are  their  pre¬ 
vailing  passion,  but  the  objects  against  which  their  envy 
seems  principally  directed  are  the  vices  of  the  younger 
sort  and  the  deaths  of  the  old.  .  .  .  By  reflecting  on  the 
former  they  find  themselves  cut  off  from  all  possibility 
of  pleasure,  and  whenever  they  see  a  funeral  they  lament 
and  repine  that  others  have  gone  to  a  harbor  of  rest  to 
which  they  themselves  can  never  hope  to  arrive.  .  .  . 
They  have  no  remembrance  of  anything  but  what  they 
learned  and  observed  in  their  youth  and  middle  age  and 
even  that  is  very  imperfect,  and  for  the  truth  or  particu¬ 
lars  of  any  fact  it  is  safer  to  depend  on  the  common  tradi¬ 
tions  than  upon  their  best  recollections.  .  .  .  The  less 
miserable  among  them  appear  to  be  those  who  turn  to 
dotage  and  entirely  lose  their  memories  j  they  meet  with 
more  pity  and  assistance  because  they  lack  many  bad 
qualities  which  abound  in  others.  ...  If  they  marry 
one  of  their  own  kind,  the  marriage  is  dissolved  as  soon 
as  the  younger  comes  to  be  fourscore  for  they  ^should 
not  have  their  misery  doubled  by  the  load  of  a  wife.’ 

“As  soon  as  they  have  completed  eighty  years  they  are 
looked  on  as  dead  in  lawj  their  heirs  immediately  suc¬ 
ceed  to  their  estates,  only  a  small  pittance  being  reserved 
for  their  support,  and  the  poor  ones  are  maintained  at 
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the  public  charge.  After  that  period  they  are  held  inca¬ 
pable  of  any  employment  of  trust  or  privilege,  cannot 
purchase  land  or  take  leases  j  neither  are  they  allowed  to 
be  witnesses  in  any  cause  either  civil  or  criminal.  .  .  . 
At  ninety  they  lose  their  teeth  and  hair,  they  have  at 
that  age  no  distinction  of  taste,  but  eat  and  drink  what¬ 
ever  they  can  get,  without  relish  or  appetite.  For  the 
same  reason  they  can  never  amuse  themselves  with  read¬ 
ing  because  their  memory  will  not  serve  to  carry  them 
from  the  beginning  of  a  sentence  to  the  end.  The  lan¬ 
guage  of  the  country  too,  is  slowly  undergoing  a  change 
so  that  the  Struldbruggs  of  one  age  do  not  understand 
those  of  another  but  live  like  foreigners  in  their  own 
country.  .  .  .  They  were  the  most  mortifying  sight  I 
ever  beheld,  and  the  women  were  more  horrible  than 
the  men.  Besides  the  usual  deformities  in  extreme  old 
age  they  acquired  an  additional  ghastliness  in  proportion 
to  their  number  of  years.” 

The  retort  to  Swift  might  be:  ^^You  have  entirely  mis¬ 
understood  us.  We  can  imagine  a  better  after  life.”  And, 
Swift,  if  he  is  among  the  Struldbruggs,  might  tune  in 
and  reply,  ^^Prove  it!” 

The  din  of  dispute  must  die  down.  Where  does  salva¬ 
tion  lie  for  those  who  are  willing  to  be  patient?  We  think 
it  lies  in  life  itself,  in  life  as  it  has  embarked  on  its  great¬ 
est  invention,  the  discovery  of  means  to  perpetuate  itself. 


VI 

LIFE  AS  INVENTION 


^^What  is  Life?”  is  indeed  a  question  that  may  well  be 
repeated  to  end  our  discussion.  Tomes  can  be  written 
about  the  myriad  aspects  of  life  without  exhausting  the 
subject.  We  may  look  upon  all  literature  as  an  effort  to 
set  the  question,  if  not  to  answer  it.  We  may  compare 
what  Homer  said,  what  Vergil  sang,  what  Shakespeare 
wept  over  j  we  may  enter  into  the  wisdom  of  Pythagoras, 
Socrates,  Plato,  Aristotle,  a  glistering  array  of  moderns, 
if  you  will  j  we  may  study  the  lives  of  heroes,  saints,  the 
hoi  polloi^  we  may  do  all  those  things  and  more  and  still 
wind  up  with  the  innocent  question.  Nevertheless  there 
is  a  great  joy  in  tackling  this  last  of  all  great  problems. 
Our  lives  are  rendered  the  richer  the  more  points  of  view 
we  experiment  with.  “The  more  the  merrier”  is  to  be 
taken  in  the  sense  that  breadth  of  view  is  a  thing  of 
beauty  and  a  j  oy  forever. 

Our  purpose  is  to  urge  a  point  of  view  which  has  be¬ 
come  deeply  significant  only  for  the  modern  man.  Our 
choke  is  to  look  ufon  life  as  invention.  We  make  it  in 
a  purely  experimental  mood.  Whether  the  choice  is  ca¬ 
pricious  or  inspired  remains  to  be  seen.  It  may  have 

aesthetic  significance,  it  may  have  ethical  and  practical 
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power^  or  it  may  have  both  or  none.  Let  it  lead  where  it 
may. 

After  this  preamble  it  would  be  shockingly  contradic¬ 
tory  to  try  to  define  life.  The  most  we  can  hope  to  do  is 
to  chat  about  it  and  about  it  till  we  get  a  fuzzy  but  not 
an  unrecognizable  composite,  something  between  a  warm 
glow  and  a  tale  told  by  an  idiot  full  of  sound  and  fury. 
Invention  we  shall  have  to  define  quite  carefully  and 
probably  in  more  than  one  way.  Even  were  we  not  to  be 
quite  specific  as  to  what  we  mean  by  invention,  we  would 
still  be  defining  invention  by  means  of  the  illustrations 
we  should  choose.  That  would  be  definition  by  implica¬ 
tion,  since  it  is  not  always  possible  to  be  explicit.  We  are 
not,  however,  going  to  say  “Life  is  invention.”  It  cer¬ 
tainly  is  more,  but  since  we  must  think  piecemeal  it  does 
help  matters  greatly  to  keep  in  mind  the  slogan:  Life  as 
invention. 

It  is  somewhat  depressing  to  run  through  a  series  of 
characterizations  of  life  in  the  style  of  literary  men.  Such 
characterizations  are  shot  through  with  moodiness  and 
prejudice  and  the  insight  they  give  is  useful  only  on 
appropriate  occasions.  Such,  for  example,  is  Tolstoi’s  de¬ 
licious,  monosyllabic  comment,  “Life?  Bah!”  It  is  very 
useful,  pungent,  effective.  Yet  no  one  would  think  of 
making  a  systematic  point  of  view  of  it.  No,  not  even 
Schopenhauer.  His  theme  was  Life  as  Will,  not  life  as 
Pooh-bah.  A  good  deal,  too,  depends  on  the  treatment. 
One  can  flit  about,  or  one  can  draw  some  sort  of  scheme. 
The  usual  psychological  analysis  is  reverie  rather  than 
thought.  Marcel  Proust  illustrates  the  extreme  case  of 
going  on  a  psychological  rampage,  creating  vast  fogs 
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of  words  linked  together  by  random  association.  Oddly 
enough  this  superficial  thing  is  credited  with  great  depth. 
It  seems  to  be  thought  itself,  since  it  shares  with  it  the 
character  of  never  allowing  itself  to  be  caught  up  with. 
This  elusiveness  runs  right  through  in  all  psychological 
mirrors  of  life,  and  serves  as  a  reason  for  our  turning  to 
the  terra  firma  of  characterizing  life  (and  psychology) 
on  a  biological  basis. 

On  a  biological  basis  the  issue  hangs  on  classification. 
Due  to  the  earnest  labors  of  generations  of  scientists  we 
have  such  a  thing  as  a  tree  of  life.  Incomplete  as  it  is, 
it  is  much  better  than  verbal  marmalade.  We  can  at  least 
exhibit  many  samples  of  living  creatures  and  show  in 
considerable  detail  how  fearfully  and  wondrously  they 
are  made.  Furthermore  they  are  flesh  of  our  flesh  and 
bone  of  our  bone.  They  are  truly  analogues  of  man.  The 
analogy  holds  in  numerous  respects.  It  thins  down  as  we 
approach  the  roots  of  the  tree  of  life,  but  what  it  dwin¬ 
dles  to  is  still  a  mighty  organization  at  its  simplest. 
Protoplasm  is  its  name.  The  story  of  protoplasm  has 
been  well  told.  Starting  with  unicellular  organisms,  the 
increasing  complexity  of  life  and  its  brilliant  organiza¬ 
tion  has  been  traced  most  painstakingly.  From  amoeba 
to  brain  the  main  pathways  have  been  cut.  Two  huge 
armies  are  deploying  from  this  central  region,  one,  from 
amoeba  to  chemical  complexes,  the  other,  from  brain 
structure  to  thought.  The  successes,  however,  are  few 
and  far  between  in  these  directions.  We  can  only  try  to 
start  our  formulation  as  far  back  as  possible  and  to  go  as 
far  forward  as  possible. 

Invention  now  must  receive  its  characterization.  In  its 
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current  sense  it  is  a  term  used  for  the  production  of  a 
person,  called  the  inventor,  who  obtains  a  novel  and 
useful  effect  for  some  human  purpose  which  called  the 
inventive  effort  into  play.  Sometimes  the  inventor’s  re¬ 
alization  of  the  invention  comes  about  as  an  accidental  or 
almost  accidental  fit  of  something  to  a  situation  which 
seems  to  gape  for  it.  The  inventor  is  credited  with  all 
sorts  of  brilliance  and  receives  prizes  and  decorations  for 
his  achievement,  but,  if  he  is  entirely  frank  toward  him¬ 
self,  he  must  admit  that  the  entire  invention,  and  most 
assuredly  portions  of  it,  came  to  him  because  things  fitted 
in  the  first  place.  He  had  merely  noted  the  fit  (no  mean 
achievement  at  that).  There  is  more  than  historic  justifi¬ 
cation  for  the  meaning  of  invention  in  its  Latin  compo¬ 
nents  (in,  venio)  as  coming  on  something. 

We  can  now  proceed  to  eliminate  the  inventor  some¬ 
what  in  the  style  that  Einstein  eliminated  the  observer. 
Or  we  can  use  simpler  arguments.  For  example,  we  want 
to  reach  a  conviction  concerning  the  physical  world.  We 
admit,  of  course,  that  if  we  had  no  senses  we  would  not 
be  aware  of  the  physical  world  at  all.  Thanks  to  the 
senses  we  become  aware  of  it  bit  by  bit.  Common  sense 
now  injects  the  note  that  our  senses  would  be  quite  futile 
if  there  were  nothing  to  be  aware  of.  Common  sense  goes 
on  with  increasing  experience  to  deductions  that  the 
world  was  there  before  us  and  will  be  about  after  us,  and, 
that  after  all  is  said  and  done,  as  far  as  the  existence  of 
the  world  is  concerned,  we  need  not  have  ever  come  on 
the  scene  at  all.  Thus,  we  have  eliminated  ourselves.  The 
world  does  not  need  us  for  its  objectivity.  Rather,  it  has 
spewed  us  forth,  to  look  at  itself  so-to-speak.  A  similar 
point  of  view  can  be  taken  with  regard  to  invention,  al- 
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though  at  first  blush  it  seems  to  be  a  denial  of  the  dignity 
of  man,  the  inventor.  At  the  level  of  life,  invention  pro¬ 
ceeds.  The  inventor  in  a  very  important  sense  is  the  tool 
(the  observer)  of  the  inventive,  integrating  process.  But 
it  is  process  which  has  spewed  him  forth. 

There  are,  of  course,  alternative  ways  of  saying  the 
same  thing.  Perhaps  the  idea  is  conveyed  more  clearly 
to  some  minds  by  the  more  direct  statement  that  life 
has  produced  the  inventor  and  thus  invents  through 
him  5  or  with  a  little  difference  in  nuance,  we  can  say 
the  inventor  is  himself  an  invention  of  life.  He  is  as 
much  a  product  as  a  producer  3  a  producing  product,  a 
reproducer.  (Would  Freud  accept  such  a  neutral  con¬ 
ception  of  reproduction?)  The  synthetic  intellect  is  that 
by  virtue  of  the  fact  that  it  is  itself  a  synthesis  j  it  con¬ 
tinues  a  process  begun  long  before  we  can  say  that  it  has 
become  self-conscious. 

Our  aim  in  the  above  discussion  on  ^^eliminating  the 
inventor”  was  to  render  plausible,  if  not  convincing,  the 
proposal  to  put  invention  on  a  sub-conscious  basis  or  at 
least  to  attribute  to  it  a  sub-conscious  origin,  so  that  we 
could  go  all  the  way  back  to  protoplasm  to  see  it  at  in¬ 
ventive  play  in  a  rudimentary  fashion.  Some  critics  will 
label  such  an  approach  “mechanistic.”  It  is  not  that.  It 
is  “materialistic,”  and  materialistic  means  that  the  proc¬ 
ess  under  discussion  (invention)  is  localized  in  matter 
(protoplasm).  The  way  the  process  “integrates,”  how¬ 
ever,  is  not  an  issue  for  a  preliminary  plan  of  treatment. 
To  say  what  mechanisms  or  non-mechanisms  operate  in 
the  evolution  of  invention  at  its  simplest  to  invention  at 
its  most  complex,  would  be  going  too  far  in  the  choice 
of  orientation.  It  is  a  matter  of  experimental  study  to  de- 
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termine  whether  the  stages  of  invention  are  mechanical, 
indeterminate  or  what-not.  The  best  we  can  do  is  to 
formulate  rival  hypotheses,  devise  critical  tests,  and  get 
some  sort  of  answer  from  the  facts  (nature). 

Now  the  question  can  be  asked:  in  what  sense  can  we 
say  that  a  unicellular  organism  invents?  It  must  generate 
a  novel  means  to  fill  an  old  or  new  need.  Its  standard 
need  is  the  ingestion  of  food.  We  should  study,  there¬ 
fore,  the  means  the  cell  employs  in  accomplishing  this 
end  and  classify  them  according  to  levels  of  novelty.  We 
may  thus  get  a  scale  of  ingenuity  for  the  different  repre¬ 
sentatives  of  protoplasm  in  the  form  of  single  cells. 
Would  the  amoeba  come  first  or  the  paramoecium? 
Should  we  have  intelligence  tests  for  these  wise  molecu¬ 
lar  aggregates?  And  what  would  a  proper  intelligence 
test  be?  These  questions  can  be  answered  with  some  de¬ 
gree  of  thoroughness  by  experts,  who,  indeed,  have 
traced  what  they  have  called  a  series  of  increasing  adap¬ 
tations  to  environment.  In  a  serious  treatise  one  can  read 
of  the  paths  protoplasm  hews  out  toward  its  food  and 
its  ingenuity  in  making  it  its  own.  But  a  strict  guide  in 
such  descriptions  is  that  no  higher  human  concepts  are  to 
be  employed.  The  protoplasm  does  not  conceive  of  a 
purpose,  the  ingestion  of  food.  It  has  no  “memory”  of  a 
previous  meal.  It  has  no  plan  concerning  the  relish  with 
which  it  is  to  partake  of  choice  morsels.  It  is  to  give  no 
thought  not  only  of  the  morrow,  but  even  of  the  next 
moment.  Its  movements  must  be  automatic,  and  in  an 
even  narrower  sense  mechanically  determinate.  It  hap- 
fens  on  its  food.  If  it  unmistakably  moves  toward  the 
particle  it  should  be  studied  as  if  it  were  following  a 
field  set  up  by  the  particle.  It  is  not  a  gravitational  field 
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obviously,  but  possibly  an  electrical  field  and  more  likely 
a  chemical  field.  This  amounts  to  an  argument  that  in  a 
sense  the  cell  is  in  contact  with  the  attracting  food  morsel 
from  the  very  start.  It  simply  moves  from  an  area  of  low 
concentration  to  one  of  higher  concentration.  It  does  not 
pick  its  road.  Its  road  is  compulsory.  No  doubt  one  could 
devise  very  ingenious  tests  whereby  two  or  more  par¬ 
ticles  of  food  would  be  used  to  bring  the  cell  to  a  stand¬ 
still  or  a  neurosis  due  to  indecision  leading  to  its  death 
of  starvation  in  the  midst  of  plenty.  What  we  vaguely 
call  ^^accident”  would  probably  rescue  it  from  such  a  fate. 
It  would  have  to  be  called  ^^accident’’  because  it  would 
not  conform  to  our  simple  law.  From  a  larger  point  of 
view  it  might  be  argued  the  accident  would  be  seen  to  be 
natural,  as,  for  example,  if  we  noted  a  critical  change  in 
the  temperature  which  would  distort  our  chemical  field 
of  appetite. 

We  gladly  accept  these  contentions  not  only  as  a  fruit¬ 
ful  technique  for  science,  but  also  as  a  very  good  approxi¬ 
mation  of  the  “truth.’’  That,  however,  does  not  in  any 
way  detract  from  the  conception  of  such  actions  as  inven¬ 
tion.  Invention  is  purely,  or  convergingly  purely,  auto¬ 
matic  at  that  level.  The  sting  conveyed  by  the  term 
automatic  is  precisely  on  illegitimate  grounds  of  transfer 
on  our  part  of  characteristics  of  a  process  (invention)  at 
a  higher  level  (conscious  invention)  to  much  simpled 
instances  where  higher  organization  has  not  yet  emerged 
(automatic  invention).  Should  we  pursue  further  the 
inquiry  as  to  just  what  we  mean  by  “automatic”  we 
would  arrive  at  a  conclusion  that  all  it  means  is  that  the 
organism  and  a  selected  part  of  the  environment  can  be 
treated  as  a  closed  system.  That  is  a  fact  about  the  world 
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and  we  have  learned  it  by  experiment.  We  know  now 
that  whatever  character  a  closed  system  may  have  be¬ 
sides,  we  can  always  count  on  its  admitting  a  mechanical 
(physical)  description,  which  for  many  purposes  is  neces¬ 
sary  and  adequate.  By  the  same  token,  however,  as  we 
expand  the  scope  of  the  system,  as  by  introducing  2,  16, 
a  billion  cells  and  any  number  of  inducements  to  eat,  we 
are  still  theoretically  permitted  to  construct  closed  sys¬ 
tems.  Our  wits,  alas,  are  not  strong  enough.  If  they  were 
we  could  go  on  and  encompass  all  humanity  and  all  the 
stars  that  shine  together  with  our  little  planet  in  a  closed, 
automatic  system.  Since  we  cannot  do  that  we  therefore 
create  higher  and  lower  levels,  which  as  far  as  pure  the¬ 
ory  of  nature  is  concerned,  turn  out  to  be  essentially 
levels  of  explanation.  One  would  expect  explanations  to 
become  more  and  more  tenuous  as  we  rise  to  higher 
levels.  Surprisingly  it  does  not.  It  is  simpler  to  treat  the 
complex  vaguely  rather  than  accurately.  This  corre¬ 
sponds  to  a  distinction  used  at  the  physical  level  of  ex¬ 
planation:  microscopic  vs.  macroscopic.  We  change  pro¬ 
cedures  on  account  of  our  limitations,  but  we  do  not 
thereby  surrender  the  possibility  of  a  unified  description 
by  us  in  the  future  (synthesis)  or  the  possibility  of  a 
deeper  unity  in  the  nature  of  things  awaiting  such  a 
description.  Applied  to  invention,  our  plea  amounts  to 
an  argument  that  a  sudden  transition  between  conscious 
and  unconscious  invention  probably  does  not  exist,  except 
as  a  mode  of  explanation  adopted  by  us  for  convenience. 

If  life  be  invention,  its  greatest  project  is  the  invention 
of  means  to  keep  itself  going  as  long  as  it  pleases.  Man 
the  created  then  can  become  man  the  creator. 
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absolute  zero — the  theoretical  lower  limit  for  temperature, 
— 27 3.15 '^C.,  at  which  molecular  motion  is  supposed  to 
cease. 

achlorhydria — absence  of  hydrochloric  acid  from  gastric  juice  in 
the  free  state. 

adaptation — an  adjustment  to  external  conditions, 
adrenal — endocrine  gland  closely  associated  with  the  kidneys, 
aetiology — study  of  cause  and  effect  in  determining  the  develop¬ 
ment  of  living  forms  or  processes, 
albuminuria — the  presence  of  albumin  in  the  urine, 
alchemy — the  older,  magical  forms  of  chemistry, 
allergy — excessive  sensitiveness  to  some  specific  substance, 
alopecia — loss  of  hair,  baldness, 
amoeba — a  one-celled  animal  of  changeable  shape, 
analogy — partial  identity,  well-founded  similarity, 
anorexia — lack  or  loss  of  appetite  for  food, 
anthropology — science  of  the  evolution  of  human  civilization, 
anthropometry — science  of  the  physical  measurements  of  man. 
aorta — the  main  trunk  from  which  the  entire  arterial  system 
proceeds. 

arcus  senilis — a  ring  degeneration  seen  about  the  corneal  pe¬ 
riphery  of  the  eye  in  aged  persons, 
arteriosclerosis — hardening  of  arterial  walls  and  accompanying 
effects. 

asthenia — lack  or  loss  of  strength, 
athanasia — deathlessness,  immortality, 
atheroma — an  oily  cyst. 

atherosclerosis — a  senile  form  of  arteriosclerosis. 
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atom — the  smallest  identifiable  particle  of  a  chemically  individual 
simple  substance,  or  element, 
atrophy — wasting  or  emaciation. 

basal  metabolism — rate  of  consumption  of  oxygen  by  the  body  at 
rest  under  standard  conditions, 
biochemistry — the  joint  field  of  biology  and  chemistry, 
bromidrosis — fetid  perspiration. 

calculus — an  abnormal  concretion,  usually  of  mineral  salts, 
canon — a  rule. 

catalyst — a  substance  which  promotes  a  reaction,  but  itself  re¬ 
mains  unchanged. 

cataract — opacity  of  part  of  the  lens  of  the  eye. 
cholecystitis — inflammation  of  the  gall  bladder, 
cholesterol — a  waxy  substance  of  the  general  class  of  lipoids, 
found  in  every  animal  tissue  and  fluid, 
cicatrization — formation  of  scar  tissue  in  healing, 
climacteric — a  critical  stage  in  the  development  of  the  body, 
colloid — a  fine  dispersion  or  emulsion  which  goes  through  a 
filter. 

conation — action . 

conjugation — the  union  of  organisms  for  the  exchange  of  nu¬ 
clear  material. 

dilemma — forced  reasoning  between  unwelcome  alternatives, 
dyspnoea — difficult  or  labored  breathing, 
dysuria — painful  or  defective  urination. 

electrocardiogram — a  tracing  showing  the  beating  of  the  heart, 
electron — single  negative  electrical  charge. 

embolism — the  plugging  of  an  artery  or  a  vein  by  a  clot  brought 
by  the  blood. 

empirical — experimental. 

endocrine — pertaining  to  the  ductless  glands. 
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energy — the  capacity  to  do  work. 

enteroptosis — descent  or  downward  displacement  of  the  intestine 
in  the  abdominal  cavity. 

epiphenomenon — superficial,  unstable  appearance, 
epithelial — pertaining  to  the  covering  skin, 
etiological — pertaining  to  the  cause  of  disease, 
evolution — constructive  growth  in  the  course  of  time. 

fallacy— error  in  reasoning. 

fertilization — union  of  a  spermatozoon  and  an  egg. 
fibrosis — the  formation  of  fibrous  tissue, 
function — a  dependence. 

gastritis — inflammation  of  the  stomach. 

gene — a  theoretical  something  in  a  germ  cell  and  its  descendants 
responsible  for  the  production  of  an  inherited  character, 
generalization — a  law,  a  statement  covering  a  large  assemblage 
of  cases. 

genetics — the  science  of  heredity,  variation,  sex  determination, 
and  allied  phenomena. 

gerocomy — that  department  of  hygiene  which  treats  of  the  regi¬ 
men  and  medical  attention  proper  to  old  age. 
glomerulus — a  coil  of  blood  vessels  projecting  into  the  expanded 
end  of  the  uriniferous  tubules  of  kidney, 
glutathione — an  important  simple  protein  in  body  oxidations  and 
reductions. 

hemiplegia — paralysis  of  one  side  of  the  body, 
histology — tissue  anatomy. 

hormone — an  ingredient  of  an  internal  secretion, 
hyaline — pellucid  or  glassy  and  transparent  or  nearly  so. 
hyperaemia — excess  of  blood  in  any  part, 
hyperfunction — increased  activity  above  the  normal, 
hypertension — high  blood  pressure, 
hypertonia — excessive  tone,  tension  or  activity, 
hypertrophy — enlargement  of  a  part  or  an  organ. 
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hypogastric — pertaining  to  the  lower  region  of  the  abdomen, 
hysterectomy — the  operation  of  excising  the  uterus. 

indicanuria — the  presence  in  the  urine  of  indican  in  excessive 
amounts, — occurs  in  chronic  constipation,  epilepsy  and 
neurasthenia. 

induction — establishment  of  generalizations  from  particular 
facts. 

infinite — a  symbol  of  a  quantity  greater  than  any  that  may  be 
proposed. 

insulin — a  hormone  produced  in  the  pancreas  which  regulates 
the  blood  sugar. 

interstitial — pertaining  to  interspaces  of  a  tissue, 
invariant — unchanging,  a  mathematical  relation  independent  of 
any  arbitrary  assumption  of  the  definition  of  symbols  or 
of  the  frame  of  reference, 
involution — a  rolling  or  pushing  inward, 
ions — electrically  charged  atoms  or  groups  of  atoms, 
isotope — a  form  of  a  chemical  element  differing  from  other 
forms  only  in  mass  but  not  in  its  general  chemical  be¬ 
havior. 

isotransplant — a  piece  of  tissue  taken  from  one  individual  and 
transplanted  into  another  individual  of  the  same  species. 

least  squares — a  method  of  adjusting  observations  for  their  most 
probable  value. 

lesion — pathological  alteration  of  tissue, 
lipoid — fat-like  substance. 

metabolism — the  process  by  which  living  cells  or  organisms  are 
capable  of  incorporating  substances  obtained  from  food 
into  an  integral  part  of  their  own  bodies.  It  is  construc¬ 
tive  when  the  substance  becomes  more  complex  (anab¬ 
olism),  destructive  when  it  becomes  simpler  by  the 
change  (catabolism). 

metaphysics — the  science  of  being  (reality  and  appearance), 
metaplasia — transformation  of  one  kind  of  adult  tissue  into  an¬ 
other. 
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metazoa — multicellular  animals, 
millimicron — a  millionth  of  a  millimeter. 

mitosis — cell  division  in  which  chromosomes  and  a  spindle  of  fine 
threads  are  produced. 

morphology — study  of  the  external  and  internal  structures  of 
living  bodies. 

mutation — a  new  single  characteristic  which  is  inheritable, 
myocardial — pertaining  to  the  muscular  tissue  of  the  heart, 
myxoedema — disease  due  to  thyroid  deficiency. 

nevus — a  mole  or  birth  mark. 

nomograph — a  diagram  connecting  a  number  of  related  quan¬ 
tities  with  one  another. 

olivary  bodies — olive-shaped  protuberances  of  medulla  oblon¬ 
gata  (brain  base). 

ontogenetic — pertaining  to  individual  development, 
oogenesis — a  series  of  changes,  including  one  or  two  divisions, 
which  the  reproductive  cells  of  female  animals  undergo 
before  they  are  ready  for  reproduction, 
oxidation — combination  with  oxygen  or  an  element  of  its  type. 

panacea — a  remedy  for  all  ills. 

papilloma — epithelial  tumors,  e.  g.  warts. 

parenchyma — the  essential  or  functional  elements  of  an  organ. 

parthenogenesis — reproduction  without  the  male. 

patella — knee  cap. 

pathology — the  study  of  diseased  tissue. 

peristalsis — wormlike  movement  of  propulsion  in  the  alimentary 
canal. 

pha  gocytosis — the  process  by  which  certain  wandering  cells  of 
the  organism  surround,  absorb,  and  sometimes  digest  any 
invading  element. 

physiology — a  study  of  the  operation  of  factors  affecting  internal 
change  in  bodies,  and  their  action  and  reaction  toward 
external  bodies. 
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polypeptide — a  simple  protein-like  body, 
postulate — an  assumed  geometrical  or  logical  truth, 
premise — a  logical  assertion,  part  of  a  syllogism, 
progeria — premature  senility  in  the  young. 

prognosis — the  foreknowledge  of  the  course  of  a  disease  drawn 
from  a  consideration  of  its  signs  and  symptoms, 
prolan — a  fraction  of  the  active  principles  of  the  anterior  lobe  of 
the  pituitary  gland. 

proliferation — multiplication  of  similar  forms, 
psychoanalysis — systematic  investigation  of  hidden  mental  con¬ 
ditions  by  association  tests. 

puberty — the  age  at  which  the  generative  organs  become  sexually 
active. 

Purkinje  cells — large  branching  neurons  in  the  cerebellum. 

quantum  theory — a  theory  of  the  discontinuity  of  light  and  en¬ 
ergy  emission  and  of  atomic  structure. 

reduction — separation  of  the  maternal  and  paternal  members  of 
a  pair  of  chromosomes  at  one  of  the  divisions  of  oogenesis 
or  spermatogenesis. 

Saurians — lizard  like  reptiles  of  prehistoric  ages, 
serum — the  liquid  portion  of  the  blood  with  coagulable  materials 
and  cells  removed. 

spermatogenesis — development  of  the  spermatozoa  or  male  ger¬ 
minal  cells. 

stasis — stoppage  of  flow,  especially  of  the  blood, 
stroma — the  framework  of  an  organ, 
syllogism — the  basic  form  of  deductive  reasoning, 
systolic — the  contraction  of  the  heart,  by  which,  with  its  alternate 
dilatation  (diastole),  the  circulation  of  the  blood  is  car¬ 
ried  on. 

teleology — point  of  view  that  explains  in  terms  of  purpose  (or 
function). 
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thermodynamics — mathematical  theory  of  heat  (and  other  en- 
ergy). 

thrombosis — the  formation  or  progress  of  a  thrombus,  or  clot  in 
any  part  of  the  circulating  apparatus. 

tonus — the  condition  of  tone  or  tension  of  tissues. 

toxemia — blood  poisoning. 

transpiration — the  emission  of  vapor  through  the  skin;  insen¬ 
sible  perspiration. 

trauma — a  wound. 

variable — a  quantity  whose  value  may  undergo  a  change  in  a 
given  discussion. 

vasectomy — surgery  of  the  vas  deferens. 

xyphoid  cartilage — the  pointed  core  of  bone  at  the  lower  end  of 
the  breast-bone. 
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